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Description

[0001] The presentinvention relates to an audio encoding method and apparatus and an audio decoding method and
apparatus in which object-based audio signals can be effectively processed by performing encoding and decoding
operations.

[0002] In general, in multi-channel audio encoding and decoding techniques, a number of channel signals of a multi-
channel signal are downmixed into fewer channel signals, side information regarding the original channel signals is
transmitted, and a multichannel signal having as many channels as the original multi-channel signal is restored.
[0003] Object-based audio encoding and decoding techniques are basically similar to multi-channel audio encoding
and decoding techniques in terms of downmixing several sound sources into fewer sound source signals and transmitting
side information regarding the original sound sources. However, in object-based audio encoding and decoding tech-
niques, object signals, which are basic elements (e.g., the sound of a musical instrument or a human voice) of a channel
signal, are treated the same as channel signals in multi-channel audio encoding and decoding techniques and can thus
be coded.

[0004] In other words, in object-based audio encoding and decoding techniques, object signals are deemed entities
to be coded. In this regard, object-based audio encoding and decoding techniques are different from multi-channel audio
encoding and decoding techniques in which a multi-channel audio coding operation is performed simply based on inter-
channel information regardless of the number of elements of a channel signal to be coded.

[0005] "Draft Call for Proposals on Spatial Audio Object Coding", International Organisation for Standardisation,
ISO/IEC JTC1/SC29/WG11, October 2006, Hangzhou, China, may be construed to disclose an overview of the SOAC
technology which can be used for interactive re-mix applications. A stereo (or mono) track can be provided to the
consumer along with SOAC data describing the objects present in the track. The user can with this create his or her
own remix of the music or sounds in the stereo (or mono) track.

[0006] EP 1 691 348 A1 may be construed to disclose that a stereo signal is generated by applying different gain
factors to a subband of a mono signal

[0007] "Draft Spatial Audio Object Coding Evaluation Procedures and Criterion", International Organisation for Stand-
ardisation, ISO/IEC JTC1/SC29/WG11, MPEG2007/N8854, may be construed to disclose concepts for evaluation of
the performance of SAOC systems, wherein evaluation scenarios design individual test procedures and one decisive
figure of merit is to be found as an evaluation criterion.

[0008] There are provided an audio decoding method and a corresponding apparatus according to the provided
independent claims.

Brief Description of the Drawings
[0009]

FIG. 1 illustrates a block diagram of a typical object-based audio encoding/ decoding system;

FIG. 2 illustrates a block diagram of an audio decoding apparatus;

FIG. 3 illustrates a block diagram of an audio decoding apparatus;

FIG. 4 illustrates a block diagram of an audio decoding apparatus;

FIG. 5 illustrates a block diagram of an arbitrary downmix gain (ADG) module that can be used in the audio decoding
apparatus illustrated in FIG. 4;

FIG. 6 illustrates a block diagram of an audio decoding apparatus;

FIG. 7 illustrates a block diagram of an audio decoding apparatus;

FIG. 8 illustrates a block diagram of an audio decoding apparatus;

FIG. 9 illustrates a block diagram of an audio decoding apparatus;

FIG. 10 illustrates a block diagram of an audio decoding apparatus according to an embodiment of the present
invention;

FIGS. 11 and 12 illustrate diagrams for explaining a transcoder operation;

FIGS. 13 through 16 illustrate diagrams for explaining the configuration of object- based side information;

FIGS. 17 through 22 illustrate diagrams for explaining the incorporation of a plurality of pieces of object-based side
information into a single piece of side information;

FIGS. 23 through 27 illustrate diagrams for explaining a preprocessing operation; and

FIGS. 28 to 33 are diagrams illustrating a case of combining a plurality of bitstreams decoded with object-based
signals into one bitstream.
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Best Mode for Carrying Out the Invention

[0010] The present invention will hereinafter be described in detail with reference to the accompanying drawings in
which exemplary embodiments of the invention are shown.

[0011] An audio encoding method and apparatus according to the present invention may be applied to object-based
audio processing operations

[0012] FIG. 1 illustrates a block diagram of a typical object-based audio encoding/ decoding system. In general, audio
signals input to an object-based audio encoding apparatus do not correspond to channels of a multi-channel signal but
are independent object signals. In this regard, an object-based audio encoding apparatus is differentiated from a multi-
channel audio encoding apparatus to which channel signals of a multi-channel signal are input.

[0013] Forexample, channel signals such as a front left channel signal and a front right channel signal of a 5.1-channel
signal may be input to a multi-channel audio signal, whereas object signals such as a human voice or the sound of a
musical instrument (e.g., the sound of a violin or a piano) which are smaller entities than channel signals may be input
to an object-based audio encoding apparatus.

[0014] ReferringtoFIG. 1,the object-based audio encoding/decoding system includes an object-based audio encoding
apparatus and an object-based audio decoding apparatus. The object-based audio encoding apparatus includes an
object encoder 100, and the object-based audio decoding apparatus includes an object decoder 111 and a mixer/
renderer 113.

[0015] The object encoder 100 receives N object signals, and generates an object-based downmix signal with one or
more channels and side information including a number of pieces of information extracted from the N object signals
such as energy difference information, phase difference information, and correlation information. The side information
and the object-based downmix signal are incorporated into a single bitstream, and the bitstream is transmitted to the
object-based decoding apparatus.

[0016] The side information may include a flag indicating whether to perform channel-based audio coding or object-
based audio coding, and thus, it may be determined whether to perform channel-based audio coding or object-based
audio coding based on the flag of the side information. The side information may also include energy information, grouping
information, silent period information, downmix gain information and delay information regarding object signals.

[0017] The side information and the object-based downmix signal may be incorporated into a single bitstream, and
the single bitstream may be transmitted to the object-based audio decoding apparatus.

[0018] The object decoder 111 receives the object-based downmix signal and the side information from the object-
based audio encoding apparatus, and restores object signals having similar properties to those of the N object signals
based on the object-based downmix signal and the side information. The object signals generated by the object decoder
111 have not yet been allocated to any position in a multi-channel space. Thus, the mixer/renderer 113 allocates each
of the object signals generated by the object decoder 111 to a predetermined position in a multi-channel space and
determines the levels of the object signals so that the object signals so that the object signals can be reproduced from
respective corresponding positions designated by the mixer/renderer 113 with respective corresponding levels deter-
mined by the mixer/renderer 113. Control information regarding each of the object signals generated by the object
decoder 111 may vary over time, and thus, the spatial positions and the levels of the object signals generated by the
object decoder 111 may vary according to the control information.

[0019] FIG. 2illustrates a block diagram of an audio decoding apparatus 120. Referring to FIG. 2, the audio decoding
apparatus 120 may be able to perform adaptive decoding by analyzing control information.

[0020] Referring to FIG. 2, the audio decoding apparatus 120 includes an object decoder 121, a mixer/renderer 123,
and a parameter converter 125. The audio decoding apparatus 120 may also include a demultiplexer (not shown) which
extracts a downmix signal and side information from a bitstream input thereto, and this will apply to all audio decoding
apparatuses according various embodiments of the present invention.

[0021] The object decoder 121 generates a number of object signals based on a downmix signal and modified side
information provided by the parameter converter 125. The mixer/renderer 123 allocates each of the object signals
generated by the object decoder 121 to a predetermined position in a multi-channel space and determines the levels of
the object signals generated by the object decoder 121 according to control information. The parameter converter 125
generates the modified side information by combining the side information and the control information. Then, the pa-
rameter converter 125 transmits the modified side information to the object decoder 121.

[0022] The object decoder 121 may be able to perform adaptive decoding by analyzing the control information in the
modified side information.

[0023] Forexample, if the control information indicates that a first object signal and a second object signal are allocated
to the same position in a multi-channel space and have the same level, a typical audio decoding apparatus may decode
the first and second object signals separately, and then arrange them in a multi-channel space through a mixing/rendering
operation.

[0024] On the other hand, the object decoder 121 of the audio decoding apparatus 120 learns from the control infor-
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mation in the modified side information that the first and second object signals are allocated to the same position in a
multi-channel space and have the same level as if they were a single sound source. Accordingly, the object decoder
121 decodes the first and second object signals by treating them as a single sound source without decoding them
separately. As a result, the complexity of decoding decreases. In addition, due to a decrease in the number of sound
sources that need to be processed, the complexity of mixing/rendering also decreases.

[0025] The audio decoding apparatus 120 may be effectively used when the number of object signals is greater than
the number of output channels because a plurality of object signals are highly likely to be allocated to the same spatial
position.

[0026] Alternatively, the audio decoding apparatus 120 may be used when the first object signal and the second object
signal are allocated to the same position in a multi-channel space but have different levels. In this case, the audio
decoding apparatus 120 decode the first and second object signals by treating the first and second object signals as a
single signal, instead of decoding the first and second object signals separately and transmitting the decoded first and
second object signals to the mixer/renderer 123. More specifically, the object decoder 121 may obtain information
regarding the difference between the levels of the first and second object signals from the control information in the
modified side information, and decode the first and second object signals based on the obtained information. As a result,
even if the first and second object signals have different levels, the first and second object signals can be decoded as
if they were a single sound source.

[0027] Still alternatively, the object decoder 121 may adjust the levels of the object signals generated by the object
decoder 121 according to the control information. Then, the object decoder 121 may decode the object signals whose
levels are adjusted. Accordingly, the mixer/renderer 123 does not need to adjust the levels of the decoded object signals
provided by the object decoder 121 but simply arranges the decoded object signals provided by the object decoder 121
in a multi-channel space. In short, since the object decoder 121 adjusts the levels of the object signals generated by the
object decoder 121 according to the control information, the mixer/renderer 123 can readily arrange the object signals
generated by the object decoder 121 in a multi-channel space without the need to additionally adjust the levels of the
object signals generated by the object decoder 121. Therefore, itis possible to reduce the complexity of mixing/rendering.
[0028] Accordingto FIG. 2, the object decoder of the audio decoding apparatus 120 can adaptively perform a decoding
operation through the analysis of the control information, thereby reducing the complexity of decoding and the complexity
of mixing/rendering. A combination of the above-described methods performed by the audio decoding apparatus 120
may be used.

[0029] FIG. 3illustrates a block diagram of an audio decoding apparatus 130. Referring to FIG. 3, the audio decoding
apparatus 130 includes an object decoder 131 and a mixer/renderer 133. The audio decoding apparatus 130 is char-
acterized by providing side information not only to the object decoder 131 but also to the mixer/renderer 133.

[0030] The audio decoding apparatus 130 may effectively perform a decoding operation even when there is an object
signal corresponding to a silent period. For example, second through fourth object signals may correspond to a music
play period during which a musical instrument is played, and a first object signal may correspond to a mute period during
which only background music is played, and a first object signal may correspond to a silent period during which an
accompaniment is played. In this case, information indicating which of a plurality of object signals corresponds to a silent
period may be included in side information, and the side information may be provided to the mixer/renderer 133 as well
as to the object decoder 131.

[0031] Theobjectdecoder 131 may minimize the complexity of decoding by not decoding an objectsignal corresponding
to a silent period. The object decoder 131 sets an object signal corresponding to a value of 0 and transmits the level of
the object signal to the mixer/renderer 133. In general, object signals having a value of 0 are treated the same as object
signals having a value, other than 0, and are thus subjected to a mixing/ rendering operation.

[0032] On the other hand, the audio decoding apparatus 130 transmits side information including information indicating
which of a plurality of object signals corresponds to a silent period to the mixer/renderer 133 and can thus prevent an
object signal corresponding to a silent period from being subjected to a mixing/rendering operation performed by the
mixer/renderer 133. Therefore, the audio decoding apparatus 130 can prevent an unnecessary increase in the complexity
of mixing/rendering.

[0033] FIG. 4 illustrates a block diagram of an audio decoding apparatus 140. Referring to FIG. 4, the audio decoding
apparatus 140 uses a multi-channel decoder 141, instead of an object decoder and a mixer/renderer, and decodes a
number of object signals after the object signals are appropriately arranged in a multi-channel space.

[0034] More specifically, the audio decoding apparatus 140 includes the multi-channel decoder 141 and a parameter
converter 145. The multi-channel decoder 141 generates a multi-channel signal whose object signals have already been
arranged in a multi-channel space based on a down-mix signal and spatial parameter information, which is channel-
based parameter information provided by the parameter converter 145. The parameter converter 145 analyzes side
information and control information transmitted by an audio encoding apparatus (not shown), and generates the spatial
parameter information based on the result of the analysis. More specifically, the parameter converter 145 generates the
spatial parameter information by combining the side information and the control information which includes playback
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setup information and mixing information. That is, the parameter conversion 145 performs the conversion of the com-
bination of the side information and the control information to spatial data corresponding to a One-To-Two (OTT) box
or a Two-To-Three (TTT) box.

[0035] The audio decoding apparatus 140 may perform a multi-channel decoding operation into which an object-based
decoding operation and a mixing/rendering operation are incorporated and may thus skip the decoding of each object
signal. Therefore, it is possible to reduce the complexity of decoding and/or mixing/rendering.

[0036] For example, when there are 10 object signals and a multi-channel signal obtained based on the 10 object
signals is to be reproduced by a 5.1 channel speaker system, a typical object-based audio decoding apparatus generates
decoded signals respectively corresponding the 10 object signals based on a down-mix signal and side information and
then generates a 5.1 channel signal by appropriately arranging the 10 object signals in a multi-channel space so that
the object signals can become suitable for a 5.1 channel speaker environment. However, it is inefficient to generate 10
object signals during the generation of a 5.1 channel signal, and this problem becomes more severe as the difference
between the number of object signals and the number of channels of a multi-channel signal to be generated increases.
[0037] On the other hand, in the example of FIG. 4, the audio decoding apparatus 140 generates spatial parameter
information suitable for a 5.1-channel signal based on side information and control information, and provides the spatial
parameter information and a downmix signal to the multi-channel decoder 141. Then, the multi-channel decoder 141
generates a 5.1 channel signal based on the spatial parameter information and the downmix signal. In other words,
when the number of channels to be output is 5.1 channels, the audio decoding apparatus 140 can readily generate a
5.1-channel signal based on a downmix signal without the need to generate 10 object signals and is thus more efficient
than a conventional audio decoding apparatus in terms of complexity.

[0038] The audio decoding apparatus 140 is deemed efficient when the amount of computation required to calculates
spatial parameterinformation corresponding to each of an OTT box and a TTT box through the analysis of side information
and control information transmitted by an audio encoding apparatus is less than the amount of computation required to
perform a mixing/rendering operation after the decoding of each object signal.

[0039] The audiodecoding apparatus 140 may be obtained simply by adding a module for generating spatial parameter
information through the analysis of side information and control information to a typical multi-channel audio decoding
apparatus, and may thus maintain the compatibility with a typical multi-channel audio decoding apparatus. Also, the
audio decoding apparatus 140 can improve the quality of sound using existing tools of a typical multi-channel audio
decoding apparatus such as an envelope shaper, a a sub-band temporal processing (STP) tool, and a decorrelator.
Given all this, it is concluded that all the advantages of a typical multi-channel audio decoding method can be readily
applied to an object-audio decoding method.

[0040] Spatial parameter information transmitted to the multi-channel decoder 141 by the parameter converter 145
may have been compressed so as to be suitable for being transmitted. Alternatively, the spatial parameter information
may have the same format as that of data transmitted by a typical multi-channel encoding apparatus. That is, the spatial
parameter information may have been subjected to a Huffman decoding operation or a pilot decoding operation and
may thus be transmitted to each module as uncompressed spatial cue data. The former is suitable for transmitting the
spatial parameter information to a multi-channel audio decoding apparatus in a remote place, and the later is convenient
because there is no need for a multi-channel audio decoding apparatus to convert compressed spatial cue data into
uncompressed spatial cue data that can readily be used in a decoding operation.

[0041] The configuration of spatial parameter information based on the analysis of side information and control infor-
mation may cause a delay. In order to compensate for such delay, an additional buffer may be provided for a downmix
signal so that a delay between the downmix signal and a bitstream can be compensated for. Alternatively, an additional
buffer may be provided for spatial parameter information obtained from control information so that a delay between the
spatial parameter information and a bitstream can be compensated for. These methods, however, are inconvenient
because of the requirement to provide an additional buffer. Alternatively, side information may be transmitted ahead of
a downmix signal in consideration of the possibility of occurrence of a delay between a downmix signal and spatial
parameter information. In this case, spatial parameter information obtained by combining the side information and control
information does not need to be adjusted but can readily be used.

[0042] If a plurality of object signals of a downmix signal have different levels, an arbitrary downmix gain (ADG) module
which can directly compensate for the downmix signal may determine the relative levels of the object signals, and each
of the object signals may be allocated to a predetermined position in a multi-channel space using spatial cue data such
as channel level difference (CLD) information, interchannel correlation (ICC) information, and channel prediction coef-
ficient (CPC) information.

[0043] For example, if control information indicates that a predetermined object signal is to be allocated to a prede-
termined position in a multi-channel space and has a higher level than other object signals, a typical multi-channel
decoder may calculate the difference between the energies of channels of a downmix signal, and divide the downmix
signal into a number of output channels based on the results of the calculation. However, a typical multi-channel decoder
cannot increase or reduce the volume of a certain sound in a downmix signal. In other words, a typical multi-channel
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decoder simply distributes a downmix signal to a number of output channels and thus cannot increase or reduce the
volume of a sound in the downmix signal.

[0044] Itis relatively easy to allocate each of a number of object signals of a downmix signal generated by an object
encoder to a predetermined position in a multi-channel space according to control information. However, special tech-
niques are required to increase or reduce the amplitude of a predetermined object signal. In other words, if a downmix
signal generated by an object encoder is used as is, it is difficult to reduce the amplitude of each object signal of the
downmix signal.

[0045] Therefore, according to an example, the relative amplitudes of object signals may be varied according to control
information by using an ADG module 147 illustrated in FIG. 5. The ADG module 147 may be installed in the multi-channel
decoder 141 or may be separate from the multi-channel decoder 141.

[0046] If the relative amplitudes of object signals of a downmix signal are appropriately adjusted using the ADG module
147, it is possible to perform object decoding using a typical multi-channel decoder. If a downmix signal generated by
an object encoder is a mono or stereo signal or a multi-channel signal with three or more channels, the downmix signal
may be processed by the ADG module 147. If a downmix signal generated by an object encoder has two or more
channels and a predetermined object signal that needs to be adjusted by the ADG module 147 only exists in one of the
channels of the downmix signal, the ADG module 147 may be applied only to the channel including the predetermined
object signal, instead of being applied to all the channels of the downmix signal. A downmix signal processed by the
ADG module 147 in the above-described manner may be readily processed using a typical multi-channel decoder without
the need to modify the structure of the multi-channel decoder.

[0047] Even when afinal output signal is not a multi-channel signal that can be reproduced by a multi-channel speaker
but is a binaural signal, the ADG module 147 may be used to adjust the relative amplitudes of object signals of the final
output signal.

[0048] Alternatively to the use of the ADG module 147, gain information specifying a gain value to be applied to each
object signal may be included in control information during the generation of a number of object signals. For this, the
structure of a typical multi-channel decoder may be modified. Even though requiring a modification to the structure of
an existing multi-channel decoder, this method is convenient in terms of reducing the complexity of decoding by applying
a gain value to each object signal during a decoding operation without the need to calculate ADG and to compensate
for each object signal.

[0049] The ADG module 147 may be used not only for adjusting the levels of object signals but also for modifying
spectrum information of a certain object signal. More specifically, the ADG module 147 may be used not only to increase
or lower the level of a certain object signal and but also to modify spectrum information of the certain object signal such
as amplifying a high- or low-pitch portion of the certain object signal. It is impossible to modify spectrum information
without the use of the ADG module 147.

[0050] FIG. 6 illustrates a block diagram of an audio decoding apparatus 150. Referring to FIG. 6, the audio decoding
apparatus 150 includes a multi-channel binaural decoder 151, a first parameter converter 157, and a second parameter
converter 159.

[0051] The second parameter converter 159 analyzes side information and control information, which is provided by
an audio encoding apparatus, and configures spatial parameter information based on the result of the analysis. The first
parameter converter 157 configures virtual three-dimensional (3D) parameter information, which can be used by the
multi-channel binaural decoder 151, by adding three-dimensional (3D) information such as head-related transfer function
(HRTF) parameters to the spatial parameter information. The multi-channel binaural decoder 151 generates a binaural
signal by applying the binaural parameter information to a downmix signal.

[0052] Thefirst parameter converter 157 and the second parameter converter 159 may be replaced by a single module,
i.e., a parameter conversion module 155 which receives the side information, the control information, and 3D information
and configures the binaural parameter information based on the side information, the control information, and the HRTF
parameters.

[0053] Conventionally, in order to generate a binaural signal for the playback of a downmix signal including 10 object
signals with a headphone, an object signal must generate 10 decoded signals respectively corresponding to the 10
object signals based on the downmix signal and side information. Thereafter, a mixer/renderer allocates each of the 10
object signals to a predetermined position in a multi-channel space with reference to control information so as to suit a
5-channel speaker environment. Thereafter, the mixer/renderer generates a 5-channel signal that can be reproduced
by a 5-channel speaker. Thereafter, the mixer/renderer applies 3D information to the 5-channel signal, thereby generating
a 2-channel signal. In short, the above-mentioned conventional audio decoding method includes reproducing 10 object
signals, converting the 10 object signals into a 5-channel signal, and generating a 2-channel signal based on the 5-
channel signal, and is thus inefficient.

[0054] On the other hand, the audio decoding apparatus 150 can readily generate a binaural signal that can be
reproduced using a headphone based on object signals. In addition, the audio decoding apparatus 150 configures spatial
parameter information through the analysis of side information and control information, and can thus generate a binaural
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signal using a typical multi-channel binaural decoder. Moreover, the audio decoding apparatus 150 still can use a typical
multi-channel binaural decoder even when being equipped with an incorporated parameter converter which receives
side information, control information, and HRTF parameters and configures binaural parameter information based on
the side information, the control information, and the HRTF parameters.

[0055] FIG. 7 illustrates a block diagram of an audio decoding apparatus 160. Referring to FIG. 7, the audio decoding
apparatus 160 includes a preprocessor 161, a multi-channel decoder 163, and a parameter converter 165.

[0056] The parameter converter 165 generates spatial parameter information, which can be used by the multi-channel
decoder 163, and parameter information, which can be used by the preprocessor 161. The preprocessor 161 performs
a pre-processing operation on a downmix signal, and transmits a downmix signal resulting from the pre-processing
operation to the multi-channel decoder 163. The multi-channel decoder 163 performs a decoding operation on the
downmix signal transmitted by the preprocessor 161, thereby outputting a stereo signal, a binaural stereo signal or a
multi-channel signal. Examples of the pre-processing operation performed by the preprocessor 161 include the modifi-
cation or conversion of a downmix signal in a time domain or a frequency domain using filtering.

[0057] If a downmix signal input to the audio decoding apparatus 160 is a stereo signal, the downmix signal may have
be subjected to downmix preprocessing performed by the preprocessor 161 before being input to the multi-channel
decoder 163 because the multi-channel decoder 163 cannot map an object signal corresponding to a left channel of a
stereo downmix signal to a right channel of a multi-channel signal through decoding. Therefore, in order to shift an object
signal belonging to a left channel of a stereo downmix signal to a right channel, the stereo downmix signal may need to
be preprocessed by the preprocessor 161, and the preprocessed downmix signal may be input to the multi-channel
decoder 163.

[0058] The preprocessing of a stereo downmix signal may be performed based on pre-processing information obtained
from side information and from control information.

[0059] FIG. 8illustrates a block diagram of an audio decoding apparatus 170. Referring to FIG. 8, the audio decoding
apparatus 170 includes a multi-channel decoder 171, a postprocessor 173, and a parameter converter 175.

[0060] The parameter converter 175 generates spatial parameter information, which can be used by the multi-channel
decoder 163, and parameter information, which can be used by the postprocessor 173. The postprocessor 173 performs
a post-processing operation on a signal output by the multi-channel decoder 173. Examples of the signal output by the
multi-channel decoder 173 include a stereo signal, a binaural stereo signal and a multi-channel signal.

[0061] Examples of the post-processing operation performed by the post processor 173 include the modification and
conversion of each channel or all channels of an output signal. For example, if side information includes fundamental
frequency information regarding a predetermined object signal, the postprocessor 173 may remove harmonic compo-
nents from the predetermined object signal with reference to the fundamental frequency information. A multi-channel
audio decoding method may not be efficient enough to be used in a karaoke system. However, if fundamental frequency
information regarding vocal object signals is included in side information and harmonic components of the vocal object
signals are removed during a post-processing operation, it is possible to realize a high-performance karaoke system by
using the example of FIG. 8. The example of FIG. 8 may also be applied to object signals, other than vocal object signals.
For example, it is possible to remove the sound of a predetermined musical instrument by using the example of FIG. 8.
Also, it is possible to amplify predetermined harmonic components using fundamental frequency information regarding
object signals by using the example of FIG. 8. In short, post-processing parameters may enable the application of various
effects such as the insertion of a reverberation effect, the addition of noise, and the amplification of a low-pitch portion
that cannot be performed by the multi-channel decoder 171.

[0062] The postprocessor 173 may directly apply an additional effect to a downmix signal or add a downmix signal to
which an effect has already been applied the output of the multi-channel decoder 171. The postprocessor 173 may
change the spectrum of an object or modify a downmix signal whenever necessary. If it is not appropriate to directly
perform an effect processing operation such as reverberation on a downmix signal and to transmit a signal obtained by
the effect processing operation to the multi-channel decoder 171, the preprocessor 173 may simply add the signal
obtained by the effect processing operation to the output of the multi-channel decoder 171, instead of directly performing
effect processing on the downmix signal and transmitting the result of effect processing to the multi-channel decoder 171.
[0063] FIG. Qillustrates a block diagram of an audio decoding apparatus 180. Referring to FIG. 9, the audio decoding
apparatus 180 includes a preprocessor 181, a multi-channel decoder 183, a postprocessor 185, and a parameter con-
verter 187.

[0064] The description of the preprocessor 161 directly applies to the preprocessor 181. The postprocessor 185 may
be used to add the output of the preprocessor 181 and the output of the multi-channel decoder 185 and thus to provide
a final signal. In this case, the postprocessor 185 simply serves an adder for adding signals. An effect parameter may
be provided to whichever of the preprocessor 181 and the postprocessor 185 performs the application of an effect. In
addition, the addition of a signal obtained by applying an effect to a downmix signal to the output of the multi-channel
decoder 183 and the application of an effect to the output of the multi-channel decoder 185 may be performed at the
same time.
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[0065] The preprocessors 161 and 181 of FIGS. 7 and 9 may perform rendering on a downmix signal according to
control information provided by a user. In addition, the preprocessors 161 and 181 of FIGS. 7 and 9 may increase or
reduce the levels of object signals and alter the spectra of object signals. In this case, the preprocessors 161 and 181
of FIGS. 7 and 9 may perform the functions of an ADG module.

[0066] The rendering of an object signal according to direction information of the object signal, the adjustment of the
level of the object signal and the alteration of the spectrum of the object signal may be performed at the same time. In
addition, some of the rendering of an object signal according to direction information of the object signal, the adjustment
of the level of the object signal and the alteration of the spectrum of the object signal may be performed by using the
preprocessor 161 or 181, and whichever of the rendering of an object signal according to direction information of the
object signal, the adjustment of the level of the object signal and the alteration of the spectrum of the object signal is not
performed by the preprocessor 161 or 181 may be performed by using an ADG module. For example, it is not efficient
to alter the spectrum of an object signal by using an ADG module, which uses a quantization level interval and a parameter
band interval. In this case, the preprocessor 161 or 181 may be used to minutely alter the spectrum of an object signal
on a frequency-by-frequency basis, and an ADG module may be used to adjust the level of the object signal.

[0067] FIG. 10illustrates a block diagram of an audio decoding apparatus according to the presentinvention. Referring
to FIG. 10, the audio decoding apparatus 200 includes a rendering matrix generator 201, a transcoder 203, a multi-
channel decoder 205, a preprocessor 207, an effect processor 208, and an adder 209.

[0068] The rendering matrix generator 201 generates a rendering matrix, which represents object position information
regarding the positions of object signals and playback configuration information regarding the levels of the object signals,
and provides the rendering matrix to the transcoder 203. The rendering matrix generator 201 generates 3D information
such as an HRTF coefficient based on the object position information. An HRTF is a transfer function which describes
the transmission of sound waves between a sound source at an arbitrary position and the eardrum, and returns a value
that varies according to the direction and altitude of the sound source. If a signal with no directivity is filtered using the
HRTF, the signal may be heard as if it were reproduced from a certain direction.

[0069] The object position information and the playback configuration information, which is received by the rendering
matrix generator 201, may vary over time and may be provided by an end user.

[0070] The transcoder 203 generates channel-based side information based on object-based side information, the
rendering matrix and 3D information, and provides the multi-channel decoder 209 with the channel-based side information
and 3D information necessary for the multi-channel decoder 209. That is, the transcoder 203 transmits channel-based
side information regarding M channels, which is obtained from object-based parameter information regarding N object
signals, and 3D information of each of the N object signals to the multi-channel decoder 205.

[0071] The multi-channel decoder 205 generates a multi-channel audio signal based on a downmix signal and the
channel-based side information provided by the transcoder 203, and performs 3D rendering on the multi-channel audio
signal according to 3D information, thereby generating a 3D multi-channel signal. The rendering matrix generator 201
may include a 3D information database (not shown).

[0072] If there is the need to preprocess a downmix signal before the input of the downmix signal to the multi-channel
decoder 205, the transcoder 203 transmits information regarding preprocessing to the preprocessor 207. The object-
based side information includes information regarding all object signals, and the rendering matrix includes the object
position information and the playback configuration information. The transcoder 203 may generate channel-based side
information based on the object-based side information and the rendering matrix, and then generates the channel-based
side information necessary for mixing and reproducing the object signals according to the channel information. Thereafter,
the transcoder 203 transmits the channel-based side information to the multi-channel decoder 205.

[0073] The channel-based side information and the 3D information provided by the transcoder 205 may include frame
indexes. Thus, the multi-channel decoder 205 may synchronize the channel-based side information and the 3D infor-
mation by using the frame indexes, and may thus be able to apply the 3D information only to certain frames of a bitstream.
In addition, even if the 3D information is updated, it is possible to easily synchronize the channel-based side information
and the updated 3D information by using the frame indexes. That is, the frame indexes may be included in the channel-
based side information and the 3D information, respectively, in order for the multi-channel decoder 205 to synchronize
the channel-based side information and the 3D information.

[0074] The preprocessor 207 may perform preprocessing on an input downmix signal, if necessary, before the input
downmix signal is input to the multi-channel decoder 205. As described above, if the input downmix signal is a stereo
signal and there is the need to play back an object signal belonging to a left channel from a right channel, the downmix
signal may have be subjected to preprocessing performed by the preprocessor 207 before being input to the multi-
channel decoder 205 because the multi-channel decoder 205 cannot shift an object signal from one channel to another.
Information necessary for preprocessing the input downmix signal may be provided to the preprocessor 207 by the
transcoder 205. A downmix signal obtained by pre-processing performed by the preprocessor 207 may be transmitted
to the multi-channel decoder 205.

[0075] The effect processor 208 and the adder 209 may directly apply an additional effect to a downmix signal or add
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a downmix signal to which an effect has already been applied to the output of the multi-channel decoder 205. The effect
processor 208 may change the spectrum of an object or modify a downmix signal whenever necessary. If it is not
appropriate to directly perform an effect processing operation such as reverberation on a downmix signal and to transmit
a signal obtained by the effect processing operation to the multi-channel decoder 205, the effect processor 208 may
simply add the signal obtained by the effect processing operation to the output of the multi-channel decoder 205, instead
of directly performing effect processing on the downmix signal and transmitting the result of effect processing to the
multi-channel decoder 205.

[0076] A rendering matrix generated by the rendering matrix generator 201 will hereinafter be described in detail.
[0077] A rendering matrix is a matrix that represents the positions and the playback configuration of object signals.
That is, if there are N object signals and M channels, a rendering matrix may indicate how the N object signals are
mapped to the M channels in various manners.

[0078] More specifically, when N object signals are mapped to M channels, an N*M rendering matrix may be established.
In this case, the rendering matrix includes N rows, which respectively represent the N object signals, and M columns,
which respectively represent M channels. Each of M coefficients in each of the N rows may be a real number or an
integer indicating the ratio of part of an object signal allocated to a corresponding channel to the whole object signal.
[0079] More specifically, the M coefficients in each of the N rows of the N*M rendering matrix may be real numbers.
Then, if the sum of M coefficients in a row of the N*M rendering matrix is equal to a predefined reference value, for
example, 1, it may be determined that the level of an object signal has not been varied. If the sum of the M coefficients
is less than 1, it is determined that the level of the object signal has been reduced. If the sum of the M coefficients is
greater than 1, it is determined that the level of the object signal has been increased. The predefined reference value
may be a numerical value, other than 1. The amount by which the level of the object signal is varied may be restricted
to the range of 12dB. For example, if the predefined reference value is 1 and the sum of the M coefficients is 1.5, it may
be determined that the level of the object signal has been increased by 12dB. If the predefined reference value is 1 and
the sum of the M coefficients is 0.5, it is determined that that the level of the object signal has been reduced by 12 dB.
If the predefined reference value is 1 and the sum of the M coefficients is 0.5 to 1.5, it is determined that the object signal
has been varied by a predetermined amount between -12 dB and +12dB, and the predetermined amount may be linearly
determined according to the sum of the M coefficients.

[0080] The M coefficients in each of the N rows of the N*M rendering matrix may be integers. Then, if the sum of M
coefficients in a row of the N*M rendering matrix is equal to a predefined reference value, for example, 10, 20, 30 or
100, it may be determined that the level of an object signal has not been varied. If the sum of the M coefficients is less
than the predefined reference value, it may be determined that the level of the object signal has not been reduced. If
the sum of the M coefficients is greater than the predefined reference value, it may be determined that the level of the
object signal has not been increased. The amount by which the level of the object signal is varied may be restricted to
the range of, for example, 12dB. The amount by which the sum of the M coefficients is discrepant from the predefined
reference value may represent the amount (unit: dB) by which the level of the object signal has been varied. For example,
if the sum of the M coefficients is one greater than the predefined reference value, it may be determined that the level
of the object signal has been increased by 2 dB. Therefore, if the predefined reference value is 20 and the sum of the
M coefficients is 23, it may be determined that the level of the object signal has been increased by 6 dB. If the predefined
reference value is 20 and the sum of the M coefficients is 15, it may be determined that the level of the object signal has
been reduced by 10 dB.

[0081] For example, if there are six object signals and five channels (i.e., front left (FL), front right (FR), center (C),
rear left (RL) and rear right (RR) channels), a 6*5 rendering matrix having six rows respectively corresponding to the
six object signals and five columns respectively corresponding to the five channels may be established. The coefficients
of the 6*5 rendering matrix may be integers indicating the ratio at which each of the six object signals is distributed
among the five channels. The 6*5 rendering matrix may have a reference value of 10. Thus, if the sum of five coefficients
in any one of the six rows of the 6*5 rendering matrix is equal to 10, it may be determined that the level of a corresponding
object signal has not been varied. The amount by which the sum of the five coefficients in any one of the six rows of the
6*5 rendering matrix is discrepant from the reference value represents the amount by which the level of a corresponding
object signal has been varied. For example, if the sum of the five coefficients in any one of the six rows of the 6*5
rendering matrix is discrepant from the reference value by 1, it may be determined that the level of a corresponding
object signal has been varied by 2 dB. The 6*5 rendering matrix may be represented by Equation (1):
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[Equation 1]

31 2 2 2]
2 4 3 | 2
0 0 12 0 0
70 0 00
2.2 2 22
21 1 21

[0082] Referring to the 6*5 rendering matrix of Equation (1), the first row corresponds to the first object signal and
represents the ratio at which the first object signal is distributed among FL, FR, C, RL and RR channels. Since the first
coefficient of the first row has a greatest integer value of 3 and the sum of the coefficients of the first row is 10, it is
determined that the first object signal is mainly distributed to the FL channel, and that the level of the first object signal
has not been varied. Since the second coefficient of the second row, which corresponds to the second object signal,
has a greatest integer value of 4 and the sum of the coefficients of the second row is 12, it is determined that the second
object signal is mainly distributed to the FR channel, and that the level of the second object signal has been increased
by 4 dB. Since the third coefficient of the third row, which corresponds to the third object signal, has a greatest integer
value of 12 and the sum of the coefficients of the third row is 12, it is determined that the third object signal is distributed
only to the C channel, and that the level of the third object signal has been increased by 4 dB. Since all the coefficients
of the fifth row, which corresponds to the fifth object signal, has the same integer value of 2 and the sum of the coefficients
of the fifth row is 10, it is determined that the fifth object signal is evenly distributed among the FL, FR, C, RL and RR
channels, and that the level of the fifth object signal has not been varied.

[0083] Alternatively, when N object signals are mapped to M channels, an N*(M+1) rendering matrix may be established.
An N*(M+1) rendering matrix is very similar to an N*M rendering matrix. More specifically, in an (N*(M+1) rendering
matrix, like in an N*M rendering matrix, first through M-th coefficients in each of N rows represent the ratio at which a
corresponding object signal distributed among FL, FR, C, RL and RR channels. However, an (N*(M+1) rendering matrix,
unlike an N*M rendering matrix, has an additional column (i.e., an (M+1)-th column) for representing the levels of object
signals.

[0084] An N*(M+1) rendering matrix, unlike an N*M rendering matrix, indicates how an object signal is distributed
among M channels and whether the level of the object signal has been varied separately. Thus, by using an N* (M+1)
rendering matrix, it is possible to easily obtain information regarding a variation, if any, in the level of an object signal
without a requirement of additional computation. Since an N*(M+1) rendering matrix is almost the same as an N*M
rendering matrix, an N*(M+1) rendering matrix can be easily converted into an N*M rendering matrix or vice versa without
a requirement of additional information.

[0085] Still alternatively, when N object signals are mapped to M channels, an N*2 rendering matrix may be established.
The N*2 rendering matrix has a first column indicating the angular positions of object signals and a second column
indicating a variation, if any, in the level of each of the object signals. The N*2 rendering matrix may represent the angular
positions of object signals at regular intervals of 1 or 3 degrees within the range of 0-360 degrees. An object signal that
is evenly distributed among all directions may be represented by a predefined value, rather than by an angle.

[0086] An N*2 rendering matrix may be converted into an N*3 rendering matrix which can indicate not only the 2D
directions of object signals but also the 3D directions of the object signals. More specifically, a second column of an N*3
rendering matrix may be used to indicate the 3D directions of object signals. A third column of an N*3 rendering matrix
indicates a variation, if any, in the level of each object signal using the same method used by an N*M rendering matrix.
If a final playback mode of an object decoder is binaural stereo, the rendering matrix generator 201 may transmit 3D
information indicating the position of each object signal or an index corresponding to the 3D information. In the latter
case, the transcoder 203 may need to have 3D information corresponding to an index transmitted by the rendering matrix
generator 201. In addition, if 3D information indicating the position of each object signal is received from the rendering
matrix generator 201, the transcoder 203 may be able to calculate 3D information that can be used by the multi-channel
decoder 205 based on the received 3D information, a rendering matrix, and object-based side information.
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[0087] A rendering matrix and 3D information may adaptively vary in real time according to a modification made to
object position information and playback configuration information by an end user. Therefore, information regarding
whether the rendering matrix and the 3D information is updated and updates, if any, in the rendering matrix and the 3D
information may be transmitted to the transcoder 203 at regular intervals of time, for example, at intervals of 0.5 sec.
Then, if updates in the rendering matrix and the 3D information are detected, the transcoder 203 may perform linear
conversion on the received updates and an existing rendering matrix and existing 3D information, assuming that the
rendering matrix and the 3D information linearly vary over time.

[0088] If object position information and playback configuration information has not been modified by an end user
since the transmission of a rendering matrix and 3D information to the transcoder 203, information indicating that the
rendering matrix and the 3D information has not been varied may be transmitted to the transcoder 203. On the other
hand, if the object position information and the playback configuration information has been modified by an end user
since the transmission of the rendering matrix and the 3D information to the transcoder 203, information indicating that
the rendering matrix and the 3D information has been varied and updates in the rendering matrix and the 3D information
may be transmitted to the transcoder 203. More specifically, updates in the rendering matrix and updates in the 3D
information may be separately transmitted to the transcoder 203. Alternatively, updates in the rendering matrix and/or
updates in the 3D information may be collectively represented by a predefined representative value. Then, the predefined
representative value may be transmitted to the transcoder 203 along with information indicating that the predefined
representative value corresponds to updates in the rendering matrix or updates in the 3D information. In this manner, it
is possible to easily notify the transcoder 203 whether or not a rendering matrix and 3D information have been updated.
[0089] An N*M rendering matrix, like the one indicated by Equation (1), may also include an additional column for
representing 3D direction information of object signals. In this case, the additional column may represent 3D direction
information of object signals as angles in the range of -90 to +90 degrees. The additional column may be provided not
only to an N+M matrix but also to an N*(M+1) rendering matrix and an N*2 matrix. 3D direction information of object
signals may not be necessary for use in a normal decoding mode of a multi-channel decoder. Instead, 3D direction
information of object signals may be necessary for use in a binaural mode of a multi-channel decoder. 3D direction
information of object signals may be transmitted along with a rendering matrix. Alternatively, 3D direction information of
object signals may be transmitted along with 3D information. 3D direction information of object signals dose not affect
channel-based side information but affects 3D information during a binaural-mode decoding operation.

[0090] Information regarding the spatial positions and the levels of object signals may be provided as a rendering
matrix. Alternatively, information regarding the spatial positions and the levels of object signals may be represented as
modifications to the spectra of the object signal such as intensifying low-pitch parts or high-pitch parts of the object
signals. In this case, information regarding the modifications to the spectra of the object signals may be transmitted as
level variations in each parameter band, which is used in a multi-channel codec. If an end user controls modifications
to the spectra of object signals, information regarding the modifications to the spectra of the object signals may be
transmitted as a spectrum matrix separately from a rendering matrix. The spectrum matrix may have as many rows as
there are object signals and have as many columns as there are parameters. Each coefficient of the spectrum matrix
indicates information regarding the adjustment of the level of each parameter band.

[0091] Thereafter, the operation of the transcoder 203 will hereinafter be described in detail. The transcoder 203
generates channel-based side information for the multi-channel decoder 205 based on object-based side information,
rendering matrix information and 3D information and transmits the channel-based side information to the multi-channel
decoder 205. In addition, the transcoder 203 generates 3D information for the multi-channel decoder 205 and transmits
the 3D information to the multi-channel decoder 205. If an input downmix signal needs to be preprocessed before being
input to the multi-channel decoder 205, the transcoder 203 may transmit information regarding the input downmix signal.
[0092] The transcoder 203 may receive object-based side information indicating how a plurality of object signals are
included in an input downmix signal. The object-based side information may indicate how a plurality of object signals
are included in an input downmix signal by using an OTT box and a TTT box and using CLD, ICC and CPC information.
The object-based side information may provide descriptions of various methods that can be performed by an object
encoder for indicating information regarding each of a plurality of object signals, and may thus be able to indicate how
the object signals are included in side information.

[0093] In the case of a TTT box of a multi-channel codec, L, C and R signals may be downmixed or upmixed into L
and R signals. In this case, the C signal may share a little bit of both the L and R signals. However, this rarely happens
in the case of downmixing or upmixing object signals. Therefore, an OTT box is widely used to perform upmixing or
downmixing for object coding. Even if a C signal includes an independent signal component, rather than parts of L and
R signals, a TTT box may be used to perform upmixing or downmixing for object coding.

[0094] For example, if there are six object signals, the six object signals may be converted into a downmix signal by
an OTT box, and information regarding each of the object signals may be obtained by using an OTT box, as illustrated
in FIG. 11.

[0095] Referring to FIG. 11, six object signals may be represented by one downmix signal and information (such as
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CLD and ICC information) provided by a total of five OTT boxes 211,213,215,217 and 219. The structure illustrated in
FIG. 11 may be altered in various manners. That is, referring to FIG. 11, the first OTT box 211 may receive two of the
six object signals. In addition, the way in which the OTT boxes 211, 213, 215, 217 and 219 are hierarchically connected
may be freely varied. Therefore, side information may include hierarchical structure information indicating how the OTT
boxes 211, 213, 215, 217 and 219 are hierarchically connected and input position information indicating to which OTT
box each object signal is input. If the OTT boxes 211, 213, 215, 217 and 219 form an arbitrary tree structure, a method
used in a multi-channel codec for representing an arbitrary tree structure may be used to indicate such hierarchical
structure information. In addition, such input position information may be indicated in various manners.

[0096] Side information may also include information regarding a mute period of each object signal during. In this
case, the tree structure of the OTT boxes 211, 213, 215, 217 and 219 may adaptively vary over time. For example,
referring to FIG. 11, when the first object signal OBJECT1 is mute, information regarding the first OTT box 211 is
unnecessary, and only the second object signal OBJECT2 may be input to the fourth OTT box 217. Then, the tree
structure of the OTT boxes 211, 213, 215, 217 and 219 may vary accordingly. Thus, information regarding a variation,
if any, in the tree structure of the OTT boxes 211, 213, 215, 217 and 219 may be included in side information.

[0097] If a predetermined object signal is mute, information indicating that an OTT box corresponding to the prede-
termined object signal is not in use and information indicating that no cues from the OTT box are available may be
provided. In this manner, it is possible to reduce the size of side information by not including information regarding OTT
boxes or TTT boxes that are not in use in side information. Even if a tree structure of a plurality of OTT or TTT boxes is
modified, it is possible to easily determine which of the OTT or TTT boxes are turned on or off based on information
indicating what object signals are mute. Therefore, there is no need to frequently transmit information regarding modi-
fications, if any, to the tree structure of the OTT or TTT boxes. Instead, information indicating what object signal is mute
may be transmitted. Then, a decoder may easily determine what part of the tree structure of the OTT or TTT boxes
needs to be modified. Therefore, it is possible to minimize the size of information that needs to be transmitted to a
decoder. In addition, it is possible to easily transmit cues regarding object signals to a decoder.

[0098] FIG. 12 illustrates a diagram for explaining how a plurality of object signals are included in a domimix signal.
Inthe embodiment of FIG. 11, an OTT box structure of multi-channel coding is adopted as itis. However, in the embodiment
of FIG. 12, a variation of the OTT box structure of multi-channel coding is used. That is, referring to FIG. 12, a plurality
of object signals are input to each box, and only one downmix signal is generated in the end. Referring to FIG. 12,
information regarding each of a plurality of object signals may be represented by the ratio of the energy level of each of
the object signals to the total energy level of the object signals. However, as the number of object signals increases, the
ratio of the energy level of each of the object signals to the total energy level of the object signals decreases. In order
to address this, one of a plurality of object signal (hereinafter referred to as a highest-energy object signal) having a
highest energy level in a predetermined parameter band is searched for, and the ratios of the energy levels of the other
object signals (hereinafter referred to as non-highest-energy object signals) to the energy level of the highest-energy
object signal may be provided as information regarding each of the object signals. In this case, once information indicating
a highest-energy object signal and the absolute value of the energy level of the highest-energy object signal is given,
the energy levels of other non-highest-energy object signals may be easily determined.

[0099] The energy level of a highest-energy object signal is necessary for incorporating a plurality of bitstreams into
a single bitstream as performed in a multipoint control unit (MCU). However, in most cases, the energy level of a highest-
energy object signal is not necessary because the absolute value of the energy level of a highest-energy object signal
can be easily obtained from the ratios of the energy levels of other non-highest-energy object signals to the energy level
of the highest-energy object signal.

[0100] For example, assume that there are four object signals A, B, C and D belonging to a predetermined parameter
band, and that the object signal A is a highest-energy object signal. Then, the energy Ep of the predetermined parameter
band and the absolute value E of the energy level of the object signal A satisfy Equation (2):

[0101]

[Equation 2]
Ep = E‘A + ((1 + b+ C)EA
I

EA: ly
l+a+b+c

[0102] Where a, b, and c respectively indicate the ratios of the energy level of the object signals B, C and D to the
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energy level of the object signal. Referring to Equation (2), it is possible to calculate the absolute value E, of the energy
level of the object signal A based on the ratios a, b, and ¢ and the energy Ep of the predetermined parameter band.
Therefore, unless there is the need to incorporate a plurality of bitstreams into a single bitstream with the use of an MCU,
the absolute value E, of the energy level of the object signal A may not need to be included in a bitstream. Information
indicating whether the absolute value E, of the energy level of the object signal A is included in a bitstream may be
included in a header of the bitstream, thereby reducing the size of the bitstream.

[0103] On the other hand, if there is the need to incorporate a plurality of bitstreams into a signal bitstream with the
use of an MCU, the energy level of a highest-energy object signal is necessary. In this case, the sum of energy levels
calculated based on the ratios of the energy levels of non-highest-energy object signals to the energy level of a highest-
energy object signal may not be the same as the energy level of a downmix signal obtained by downmixing all the object
signals. For example, when the energy level of the downmix signal is 100, the sum of the calculated energy levels may
be 98 or 103 due to, for example, errors caused during quantization and dequantization operations. In order to address
this, the difference between the energy level of the downmix signal and the sum of the calculated energy levels may be
appropriately compensated for by multiplying each of the calculated energy levels by a predetermined coefficient. If the
energy level of the downmix signal is X and the sum of the calculated energy levels is Y, each of the calculated energy
levels may be multiplied by X/Y. If the difference between the energy level of the downmix signal and the sum of the
calculated energy levels is not compensated for, such quantization errors may be included in parameter bands and
frames, thereby causing signal distortions.

[0104] Therefore, information indicating which of a plurality of object signals has a greatest absolute value of energy
in a predetermined parameter band is necessary. Such information may be represented by a number of bits. The number
of bits necessary for i ndicating which of a plurality of object signals has a greatest absolute value of energy in a
predetermined parameter band vary according to the number of object signals. As the number of object signals increases,
the number of bits necessary for indicating which of a plurality of object signals has a greatest absolute value of energy
in a predetermined parameter band increases. On the other hand, as the number of object signals decreases, the number
of bits necessary for indicating which of a plurality of object signals has a greatest absolute value of energy in a prede-
termined parameter band decreases. A predetermined number of bits may be allocated in advance for indicating which
of a plurality of object signals has a greatest absolute value of energy in a predetermined parameter band increases.
Alternatively, the number of bits for indicating which of a plurality of object signals has a greatest absolute value of energy
in a predetermined parameter band may be determined based on certain information.

[0105] The size of information indicating which of a plurality of object signals has a greatest absolute value of energy
in each parameter band can be reduced by using the same method used to reduce the size of CLD, ICC, and CPC
information for use in OTT and/or TTT boxes of a multi-channel codec, for example, by using a time differential method,
a frequency differential method, or a pilot coding method.

[0106] Inordertoindicate which of a plurality of object signals has a greatest absolute value of energy in each parameter
band, an optimized Huffman table may be used. In this case, information indicating in what order the energy levels of
the object signals are compared with the energy level of whichever of the object signals has the greatest absolute energy
may be required. For example, if there are five object signals (i.e., first through fifth object signals) and the third object
signal is a highest-energy object signal, information regarding the third object signal may be provided. Then, the ratios
of the energy levels of the first, second, fourth and fifth object signals to the energy level of the third object signal may
be provided in various manners, and this will hereinafter be described in further detail.

[0107] The ratios of the energy levels of the first, second, fourth and fifth object signals to the energy level of the third
object signal may be sequentially provided. Alternatively, the ratios of the energy levels of the fourth, fifth, first and
second object signals to the energy level of the third object signal may be sequentially provided in a circular manner.
Then, information indicating the order in which the ratios of the energy levels of the first, second, fourth and fifth object
signals to the energy level of the third object signal are provided may be included in a file header or may be transmitted
at intervals of a number of frames. A multi-channel codec may determine CLD and ICC information based on the serial
numbers of OTT boxes. Likewise, information indicating how each object signal is mapped to a bitstream is necessary.
[0108] In the case of a multi-channel codec, information regarding signals corresponding to each channel may be
identified by the serial numbers of OTT or TTT boxes. According to an object-based audio encoding method, if there
are N object signals, the N object signals may need to be appropriately numbered. However, it is necessary sometimes
for an end user to control the N object signals using an object decoder. In this case, the end user may have need of not
only the serial numbers of the N object signals but also descriptions of the N object signals such as descriptions indicating
that the first object signal corresponds to the voice of a woman and that the second object signal corresponds to the
sound of a piano. The descriptions of the N object signals may be included in a header of a bitstream as metadata and
then transmitted along with the bitstream. More specifically, the descriptions of the N object signals may be provided as
text or may be provided by using a code table or codewords.

[0109] Correlation information regarding the correlations between object signals is necessary sometimes. For this,
the correlations between a highest-energy object signal and other non-highest-energy object signals may be calculated.
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In this case, a single correlation value may be designated for all the object signals, which is comparable to the use of a
single ICC value in all OTT boxes.

[0110] If object signals are stereo signals, the left channel energy-to-right channel energy ratios of the object signals
and ICC information is necessary. The left channel energy-to-right channel energy ratios of the object signals may be
calculated using the same method used to calculate the energy levels of a plurality of object signals based on the absolute
value of the energy level of whichever of the object signals is a highest-energy object signal and the ratios of the energy
levels of the other non-highest-energy object signals to the energy level of the highest-energy object signal. For example,
if the absolute values of the energy levels of left and right channels of a highest-energy object signal are A and B,
respectively, and the ratio of the energy level of the left channel of a non-highest-energy object signal to A and the ratio
of the energy level of the right channel of the non-highest-energy object signal to B are x and y, respectively, the energy
levels of the left and right channels of the non-highest-energy object signal may be calculated as A*x and B*y. In this
manner, the left channel energy-to-right channel energy ratio of a stereo object signal can be calculated.

[0111] The absolute value of the energy level of a highest-energy object signal and the ratios of the energy levels of
other non-highest-energy object signals to the energy level of the highest-energy object signal may also be used when
the object signals are mono signals, a downmix signal obtained by the mono object signals is a stereo signal, and the
mono object signals are included in both channels of the stereo downmix signal. In this case, the ratio of the energy of
part of each mono object signal included in the left channel of a stereo downmix signal and the energy of part of a
corresponding mono object signal included in the right channel of the stereo downmix signal and correlation information
is necessary, and this directly applies to stereo object signals. If a mono object signal is included in both L and R channels
of a stereo downmix signal, L- and R-channel components of the mono object signal may only have a level difference,
and the mono object signal may have a correlation value of 1 throughout whole parameter bands. In this case, in order
to reduce the amount of data, information indicating that the mono object signal has a correlation value of 1 throughout
the whole parameter bands may be additionally provided. Then, there is no need to indicate the correlation value of 1
for each of the parameter bands. Instead, the correlation value of 1 may be indicated for the whole parameter bands.
[0112] During the generation of a downmix signal through the summation of a plurality of object signals, clipping may
occur. In order to address this, a downmix signal may be multiplied by a predefined gain so that the maximum level of
the downmix signal can exceed a clipping threshold. The predefined gain may vary over time. Therefore, information
regarding the predefined gain is necessary. If the downmix signal is a stereo signal, different gain values may be provided
forL-and R-channels of the downmix signal in order to prevent clipping. In order to reduce the amount of data transmission,
the different gain values may not be transmitted separately. Instead, the sum of the different gain values and the ratio
of the different gain values may be transmitted. Then, it is possible to reduce a dynamic range and reduce the amount
of data transmission, compared to the case of transmitting the different gain values separately.

[0113] In order to further reduce the amount of data transmission, a bit indicating whether clipping has occurred during
the generation of a downmix signal through the summation of a plurality of object signals may be provided. Then, only
if itis determined that clipping has occurred, gain values may be transmitted. Such clipping information may be necessary
for preventing clipping during the summation of a plurality of downmix signals in order to incorporate a plurality of
bitstreams. In order to prevent clipping, the sum of a plurality of downmix signals may be multiplied by the inverse number
of a predefined gain value for preventing clipping.

[0114] FIGS. 13 through 16 illustrate diagrams for explaining various methods of configuring object-based side infor-
mation. The examples of FIGS. 13 through 16 can be applied not only mono or stereo object signals but also to multi-
channel object signals.

[0115] Referring to FIG. 13, a multi-channel object signal (OBJECT A(CH1) through OBJECT A(CHn)) is input to an
object encoder 221. Then, the object encoder 221 generates a downmix signal and side information based on the multi-
channel object signal (OBJECT A(CH1) through OBJECT A(CHn)). An object encoder 223 receives a plurality of object
signals OBJECT1 through OBJECTn and the downmix signal generated by the object encoder 221 and generates
another downmix signal and another side information based on the object signals OBJ.1 through OBJ.N and the received
downmix signal. A multiplexer 225 incorporates the side information generated by the object encoder 221 and the side
information generated by the object encoder 223.

[0116] Referring to FIG. 14, an object encoder 233 generates a first bitstream based on a multi-channel object signal
(OBJECT A(CH1) through OBJECT A(CHn)). Then, an object encoder 231 generates a second bitstream based on a
plurality of non-multi-channel object signals OBJECT1 through OBJECTn. Then, an object encoder 235 combines the
first and second bitstreams into a single bitstream by using almost the same method used to incorporate a plurality of
bitstreams into a single bitstream with the aid of an MCU.

[0117] Referring to FIG. 15, a multi-channel encoder 241 generates a downmix signal and channel-based side infor-
mation based on a multi-channel object signal (OBJECT A(CH1) through OBJECT A(CHn)). An object encoder 243
receives the downmix signal generated by the multi-channel encoder 241 and a plurality of non-multi-channel object
signals OBJECT1 through OBJECTn and generates an object bitstream and side information based on the received
downmix signal and the object signals OBJECT1 through OBJECTn. A multiplexer 245 combines the channel-based
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side information generated by the multi-channel encoder 241 and the side information generated by the object encoder
243 and outputs the result of the combination.

[0118] Referring to FIG. 16, a multi-channel encoder 253 generates a downmix signal and channel-based side infor-
mation based on a multi-channel object signal (OBJECT A(CH1) through OBJECT A(CHn)). An object encoder 251
generates a downmix si gnal and side information based on a plurality of non-multi-channel object signals OBJECT1
through OBJECTn. An object encoder 255 receives the downmix signal generated by the multi-channel encoder 253
and the downmix signal generated by the object encoder 251 and combines the received downmix signals. A multiplexer
257 combines the side information generated by the object encoder 251 and the channel-based side information gen-
erated by the multi-channel encoder 253 and outputs the result of the combination.

[0119] In the case of using object-based audio encoding in teleconferencing, it is necessary sometimes to incorporate
a plurality of object bitstreams into a single bitstream. The incorporation of a plurality of object bitstreams into a single
object bitstream will hereinafter be described in detail.

[0120] FIG. 17 illustrates a diagram for explaining the incorporation of two object bitstreams. Referring to FIG. 17,
when two object bitstreams are incorporated into a single object bitstream, side information such as CLD and ICC
information present in the two object bitstreams, respectively, needs to be modified. The two object bitstreams may be
incorporated into a single object bitstream simply by using an additional OTT box, i.e., an eleventh OTT box, and using
side information such as CLD and ICC information provided by the eleventh OTT box.

[0121] Tree configuration information of each of the two object bitstreams must be incorporated into integrated tree
configuration information in order to incorporate the two object bitstreams into a single object bitstream. For this, additional
configuration information, if any, generated by the incorporation of the two object bitstreams may be modified, the indexes
of a number of OTT boxes used to generate the two object bitstreams may be modified, and only a few additional
processes such as a computation process performed by the eleventh OTT box and the downmixing of two downmix
signals of the two object bitstreams may be performed. In this manner, the two object bitstreams can be easily incorporated
into a single object bitstream without the need to modify information regarding each of a plurality of object signals from
which the two object signals originate.

[0122] Referring to FIG. 17, the eleventh OTT box may be optional. In this case, the two downmix signals of the two
object bitstreams may be used as they are as a two-channel downmix signal. Thus, the two object bitstreams can be
incorporated into a single object bitstream without a requirement of additional computation.

[0123] FIG. 18 illustrates a diagram for explaining the incorporation of two or more independent object bitstreams into
a single object bitstream having a stereo downmix signal. Referring to FIG. 18, if two or more independent object
bitstreams have different numbers of parameter bands, parameter band mapping may be performed on the object
bitstreams so that the number of parameter bands of one of the object bitstreams having fewer parameter bands can
be increased to be the same as the number of parameter bands of the other object bitstream.

[0124] More specifically, parameter band mapping may be performed using a predetermined mapping table. In this
case, parameter band mapping may be performed using a simple linear formula.

[0125] If there are overlapping parameter bands, parameter values may be appropriately mixed in consideration of
the amount by which the overlapping parameter bands overlap each other. In the situations when low complexity is
prioritized, parameter band mapping may be performed on two object bitstreams so that the number of parameter bands
of one of the two object bitstreams having more parameter bands can be reduced to be the same as the number of
parameter bands of the other object bitstream.

[0126] In the examples of FIGS. 17 and 18, two or more independent object bitstreams can be incorporated into an
integrated object bitstream without a requirement of the computation of existing parameters of the independent object
bitstreams. However, in the case of incorporating a plurality of downmix signals, parameters regarding the downmix
signals may need to be calculated again through QMF/hybrid analysis. However, this computation requires a large
amount of computation, thereby compromising the benefits of the examples of FIGS. 17 and 18. Therefore, itis necessary
to come up with methods of extracting parameters without a requirement of QMF/hybrid analysis or synthesis even when
downmix signals are downmixed. For this, energy information regarding the energy of each parameter band of each
downmix signal may be included in an object bitstream. Then, when downmix signals are downmixed, information such
as CLD information may be easily calculated based on such energy information without a requirement of QMF/hybrid
analysis or synthesis. Such energy information may represent a highest energy level for each parameter band or the
absolute value of the energy level of a highest-energy object signal for each parameter band. The amount of computation
may be further reduced by using ICC values obtained from a time domain for an entire parameter band.

[0127] During the downmix of a plurality of downmix signals, clipping may occur. In order to address this, the levels
of downmix signals may be reduced. If the levels of downmix signals are reduced, level information regarding the reduced
levels of the downmix signals may need to be included in an object bitstream. The level information for preventing clipping
may be applied to each frame of an object bitstream or may be applied only to some frames in which clipping occurs.
The levels of the original downmix signals may be calculated by inversely applying the level information for preventing
clipping during a decoding operation. The level information for preventing clipping may be calculated in a time domain
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and thus does not need to be subjected to QMF/hybrid synthesis or analysis. The incorporation of a plurality of object
signals into a single object bitstream may be performed using the structure illustrated in FIG. 12, and this will hereinafter
be described in detail with reference to FIG. 19.

[0128] FIG. 19 illustrates a diagram for explaining the incorporation of two independent object bitstreams into a single
object bitstream. Referring to FIG. 19, a first box 261 generates a first object bitstream, and a second box 263 generates
a second object bitstream. Then, a third box 265 generates a third object bitstream by combining the first and second
bitstreams. In this case, if the first and second object bitstreams include information the absolute value of the energy
level of a highest-energy object signal for each parameter band and the ratios of the energy levels of other non-highest-
energy object signals to the energy level of the highest-energy object signal and gain information regarding gain values,
which are multiplied by downmix signals by the first and second boxes 261 and 263, the third box 265 may generate
the third object bitstream simply by incorporating the first and second bitstreams without a requirement of additional
parameter computation or extraction.

[0129] The third box 265 receives a plurality of downmix signals DOWNMIX_A and DOWNMIX_B. The third box 265
converts the downmix signals DOWNMIX_A and DOWNMIX_B into PCM signals and adds up the PCM signals, thereby
generating a single downmix signal. During this process, however, clipping may occur. In order to address this, the
downmix signals DOWNMIX_A and DOWNMIX_B may be multiplied by a predefined gain value. Information regarding
the predefined gain value may be included in the third object bitstream and transmitted along with the third object bitstream.
[0130] The incorporation of a plurality of object bitstreams into a single object bitstream will hereinafter be described
in further detail. Referring to FIG. 19, paramA may include information regarding whichever of a plurality of object signals
OBJECT 1 through OBJECTn is a highest-energy object signal and the ratios of the energy levels of the other non-
highest-energy object signals to the energy level of the highest-energy object signal. Likewise, SIDE INFO may include
SIDE INFO A may include information regarding whichever of a plurality of object signals OBJECT1 through OBJECTn
is a highest-energy object signal and the ratios of the energy levels of the other non-highest-energy object signals to
the energy level of the highest-energy object signal.

[0131] SIDE_INFO_A and SIDE-INFO-B may be included in parallel in one bitstream, as illustrated in FIG. 20. In this
case, a bit indicating whether more than one bitstream exists in parallel may be additionally provided.

[0132] Referring to FIG. 20, in order to indicate whether a predetermined bitstream is an integrated bitstream including
more than one bitstream therein or not, information indicating whether the predetermined bitstream is an integrated
bitstream, information regarding the number of bitstreams, if any, included in the predetermined bitstream, and information
regarding the original positions of bitstreams, if any, included in the predetermined bitstream may be provided at the
head of the predetermined bitstream and followed by more than one bitstream, if any, in the predetermined bitstream.
In this case, a decoder may determine whether the predetermined bitstream is an integrated bitstream including more
than one bitstream by analyzing the information at the head of the predetermined bitstream. This type of bitstream
incorporation method does not require additional processes, other than the addition of a few identifiers to a bitstream.
However, such identifiers need to be provided at intervals of a number of frames. In addition, this type of bitstream
incorporation method requires a decoder to determine whether every bitstream that the decoder receives is an integrated
bitstream or not.

[0133] As an alternative to the above-mentioned bitstream incorporation method, a plurality of bitstreams may be
incorporated into a single bitstream in such a manner that a decoder cannot recognize that the single bitstream is an
integrated bitstream or not. This will hereinafter be described in detail with reference to FIG. 21.

[0134] Referring to FIG. 21, the energy level of a highest-energy object signal represented by SIDE_INFO_A and the
energy level of a highest-energy object signal represented by SIDE_INFO_B are compared. Then, whichever of the two
object signals has a higher energy level is determined to be a highest-energy object signal of an integrated bitstream.
For example, if the energy level of the highest-energy object signal represented by SIDE_INFO_ A is higher than the
energy level of the highest-energy object signal represented by SIDE_INFO_B, the highest-energy object signal repre-
sented by SIDE_INFO_A may become a highest-energy object signal of an integrated bitstream. Then, energy ratio
information of SIDE_INFO_A may be used in the integrated bitstream as it is, whereas energy ratio information of SIDE_
INFO_B may be multiplied by the ratio of the energy levels of the

[0135] Then, energy ratioinformation of whichever of SIDE_INFO_A and SIDE_INFO_B includes information regarding
the highest-energy object signal of the integrated bitstream may be used in the integrated bitstream, and energy ratio
information of the highest-energy object signal represented by Param A and the highest-energy object signal represented
by SIDE_INFO_B. This method involves the recalculation of energy ratio information of SIDE_INFO_B. However, the
recalculation of energy ratio information of SIDE_INFO_B is relatively not complicated. In this method, a decoder may
not be able to determine whether a bitstream that it receives is an integrated bitstream including more than one bitstream
or not, and thus, a typical decoding method may be used.

[0136] Two objectbitstreamsincluding stereo downmix signals may be easily incorporated into a single object bitstream
without a requirement of the recalculation of information regarding object signals by using almost the same method used
to in-corporate bitstreams including mono downmix signals. In an object bitstream, in-formation regarding a tree structure
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that downmixes object signals is followed by object signal information obtained from each branch (i.e., each box) of the
tree structure.

[0137] Objectbitstreams have been described above, assuming that certain object are only distributed to a left channel
or a right channel of a stereo downmix signal. However, object signals are generally distributed between both channels
of a stereo downmix signal. Therefore, it will hereinafter be described in detail how to generate an object bitstream based
on object bitstreams that are distributed between two channels of a stereo downmix signal.

[0138] FIG. 22llustrates a diagram for explaining a method of generating a stereo downmix signal by mixing a plurality
of object signals, and more particularly, a method of downmixing four object signals OBJECT1 through OBJECT4 into
L and R stereo signals. Referring to FIG. 22, some of the four object signals OBJECT1 through OBJECT4 belong to
both L and R channels of a downmix signal. For example, the first object signal OBJECT1 is distributed between the L
and R channels at a ratio of a:b, as indicated by Equation (3):

[Equation 3]

: a
Eng('jiv"lL = o+ b EngObfl

b
Engo,, = ENg o,
a+b

[0139] If an object signal is distributed between the L and R channels of a stereo downmix signal, channel distribution
ratio information regarding the ratio (a:b) at which the object signal is distributed between the L and R channels may be
additionally required. Then, information regarding the object signal such as CLD and ICC information may be calculated
by performing downmixing using OTT boxes for the L and R channels of a stereo downmix signal, and this will hereinafter
be described in further detail with reference to FIG. 23.

[0140] Referringto FIG. 23, once CLD and ICC information obtained from a plurality of OTT boxes during a downmixing
operation and channel distribution ratio information of each of a plurality of object signals is provided, it is possible to
calculate a multi-channel bitstream that varies adaptively to any modification made to object position information and
playback configuration information by an end user. In addition, if a stereo downmix signal needs to be processed through
downmix preprocessing, itis possible to obtain information regarding how the stereo downmix signal is processed through
downmix preprocessing and to transmit the obtained information to a preprocessor. That is, if there is no channel
distribution ratio information of each of a plurality of object signals provided, there is no way to calculate a multi-channel
bitstream and obtain information necessary for the operation of a preprocessor. Channel distribution ratio information
of an object signal may be represented as a ratio of two integers or a scalar (unit: dB).

[0141] Asdescribed above, if an object signal is distributed between two channels of a stereo downmix signal, channel
distribution ratio information of the object signal may be required. Channel distribution ratio information may have a fixed
value indicating the ratio at which an object signal is distributed between two channels of a stereo downmix signal.
Alternatively, channel distribution ratio information of an object signal may vary from one frequency band to another
frequency band of the object signal especially when the channel distribution ratio information is used as ICC information.
If a stereo downmix signal is obtained by a complicated downmix operation, i.e., if an object signal belongs to two
channels of a stereo downmix signal and is downmixed by varying ICC information from one frequency band to another
frequency band of the object signal, a detailed description of the downmixing of the object signal may be additionally
required in order to decode a finally-rendered object signal. This embodiment may be applied to all possible object
structures that have already been described.

[0142] Thereafter, preprocessing will hereinafter be described in detail with reference to FIGS. 24 through 27. If a
downmix signal input to an object decoder is a stereo signal, the input downmix signal may need to be preprocessed
before being input to a multi-channel decoder of the object decoder because the multi-channel decoder cannot map a
signal belonging to a left channel of the input downmix signal to a right channel. Therefore, in order for an end user to
shift the position of an object signal belonging to the left channel of the input downmix signal to a right channel, the input
downmix signal may need to be preprocessed, and the preprocessed downmix signal may be input to the multi-channel
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decoder.

[0143] The preprocessing of a stereo downmix signal may be performed by obtaining preprocessing information from
an object bitstream and from a rendering matrix and appropriately processing the stereo downmix signal according to
the preprocessing information, and this will hereinafter be described in detail.

[0144] FIG. 24 illustrates a diagram for explaining how to configure a stereo downmix signal based on four object
signals OBJECT1 through OBJECT4. Referring to FIG. 24, the first object signal OBJECT1 is distributed between L and
R channels at a ratio of a:b, the second object signal OBJECT2 is distributed between the L and R channels at a ratio
of c:d, the third object signal OBJECTS3 is distributed only to the L channel, and the fourth object signal OBJECT4 is
distributed only to the R channel. Information such as CLD and ICC may be generated by passing each of the first
through fourth object signals OBJECT1 through OBJECT4 through a number of OTT, and a downmix signal may be
generated based on the generated information.

[0145] Assume that an end user obtains a rendering matrix by appropriately setting the positions and the levels of the
first through fourth object signals OBJECT1 through OBJECT4, and that there are five channels. The rendering matrix
may be represented by Equation (4):

[Equation 4]

30 10 20 30 10]
10 30 20 10 30
22 22 22 22 22
(21 21 31 11 11

[0146] Referring to Equation (4), when the sum of five coefficients in each of the four rows is equal to a predefined
reference value, i.e., 100, it is determined that the level of a corresponding object signal has not been varied. The amount
by which the sum of the five coefficients in each of the four rows is discrepant from the predefined reference value may
be the amount (unit: dB) by which the level of a corresponding object signal has been varied. The first, second, third,
fourth and fifth columns of the rendering matrix of Equation (4) represent FL, FR, C, RL, and RR channels, respectively.
[0147] The first row of the rendering matrix of Equation (4) corresponds to the first object signal OBJECT1 and has a
total of five coefficients, i.e., 30, 10, 20, 30, and 10. Since the sum of the five coefficients of the first row is 100, it is
determined that the level of the first object signal OBJECT1 has not been varied, and that only the spatial position of
the first object signal OBJECT1 has changed. Even though the five coefficients of the first row represent different channel
directions, they may be largely classified into two channels: L and R channels. Then, the ratio at which the first object
signal OBJECT1 is distributed between the L and R channels may be calculated as 70% (=(30+30+20)*0.5):30%(=
(10+10+20)*0.5). Therefore, the rendering matrix of Equation (4) indicates that the level of the first object signal OBJECT
1 has not been varied, and that the first object signal OBJECT1 is distributed between the L and R channels at a ratio
of 70%:30%. If the sum of five coefficients of any one of the rows of the rendering matrix of Equation (4) is less than or
greater than 100, it may be determined that the level of a corresponding object signal has changed, and then, the
corresponding object signal may be processed through preprocessing or may be converted into and transmitted as ADG.
[0148] In order to preprocess downmix signals, the ratio at which the downmix signals are distributed between pa-
rameter bands, from which parameters are extracted from signals obtained by performing QMF/hybrid conversion on
the downmix signals, may be calculated, and the downmix signals may be redistributed between the parameter bands
according to the setting of a rendering matrix. Various methods of redistributing downmix signals between parameter
bands will hereinafter be described in detail.

[0149] In afirstredistribution method, L- and R-channel downmix signals are decoded separately using their respective
side information (such as CLD and ICC information) and using almost the same method used by a multi-channel codec.
Then, object signals distributed between the L- and R-channel downmix signals are restored. In order to reduce the
amount of computation, the L- and R-channel downmix signals may be decoded only using CLD information. The ratio
at which each of the restored object signals is distributed between the L- and R-channel downmix signals may be
determined based on side information.

[0150] Each of the restored object signals may be redistributed between the L- and R-channel downmix signals
according to a rendering matrix. Then, the redistributed object signals are downmixed on a channel-by-channel basis
by OTT boxes, thereby completing preprocessing. In short, the first redistribution method adopts the same method used
by a multi-channel codec. However, the first redistribution method requi res as many decoding processes as there are

19



10

15

20

25

30

35

40

45

50

55

EP 2 111 617 B1

object signals for each channel, and requires a redistribution process and a channel-based downmix process.

[0151] In asecond redistribution method, in accordance with the invention and unlike in the first redistribution method,
object signals are not restored from L- and R-downmix signals. Instead, each of the L- and R-downmix signals is divided
into two portions: one portion L_L or R_R that should be left in a corresponding channel and the other portion L_R or
R_L that should be redistributed, as illustrated in FIG. 25. Referring to FIG. 25, L_L indicates a portion of the L-channel
downmix signal that should be left in an L channel, and L_R indicates a portion of the L-channel downmix signal that
should be added to an R channel. Likewise, R_R indicates a portion of the R-channel downmix signal that should be
leftin the R channel, and R_L indicates a portion of the R-channel downmix signal that should be added to the L channel.
Each of the L- and R-channel downmix signals may be divided into two portions (L_L and L_R orR_R and R_L) according
to the ratio at which each object signal is distributed between the L- and R-downmix signals, as defined by Equation (2),
and the ratio at which each object signal should be distributed between preprocessed L and R channels L and R, as
defined by Equation (3). Therefore, it may be determined how the L- and R-channel downmix signals should be redis-
tributed between the preprocessed L and R channels L and R by comparing the ratio at which each object signal is
distributed between the L- and R-downmix signals and the ratio at which each object signal should be distributed between
preprocessed L and R channels L and R.

[0152] The division of an L-channel signal into signals L_L and L_R according to a predefined energy ratio has been
described above. Once the L-channel signal is divided into signals L_L and L_R, an ICC between the signals L_L and
L_R may need to be determined. The ICC between the signals L_L and L_R may be easily determined based on ICC
information regarding object signals. That is, the ICC between the signals L_L and L_R may be determined based on
the ratio at which each object signal is distributed between the signals L_L and L_R.

[0153] The second downmix redistribution method will hereinafter be described in further detail. Assume that L- and
R-channel downmix signals L and R are obtained by the method illustrated in FIG. 24, and that first, second, third and
fourth object signals OBJECT1, OBJECT2, OBJECT3, and OBJECT4 are distributed between the L- and R-channel
downmix signals L and R at ratios of 1:2, 2:3, 1:0, and 0:1, respectively. A plurality of object signals may be downmixed
by a number of OTT boxes, and information such as CLD and ICC information may be obtained from the downmixing
of the object signals.

[0154] An example of a rendering matrix established for the first through fourth object signals OBJECT1 through
OBJECT4 is as represented by Equation (4). The rendering matrix includes position information of the first through fourth
object signals OBJECT1 through OBJECT4. Thus, preprocessed L- and R-channel downmix signals L and R may be
obtained by performing preprocessing using the rendering matrix. How to establish and interpret the rendering matrix
has already been described above with reference to Equation (3).

[0155] The ratio at which each of the first through fourth object signals OBJECT1 through OBJECT4 is distributed
between the preprocessed L- and R-channel downmix signals L and R may be calculated as indicated by Equation (5):

[Equation 5]

Objectl:  £ng,,, =30+30+20*0.5=70, £ng,,,, =10+10+20*0.5=30
Engw,“: : Eng(,,,ﬂk, =70:30 _

Object2: Eng,, =10+10+20%0.5=30, £ng,,,,, =30+30+20*0.5=70
Engn,,ﬂi : Eng(,bj.zk_ =30:70

Objee3:  Eng,y,, =22+22+22%0.5=55, Eng,,, =22+22+22%0.5=55
Engoy, i ERgyys =55:55

Objectd: Eng,,,, =21+11+31%0.5=4735, ling,,, =21+11+31¥0.5=475
Engoy.. tEngey, =415:475
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[0156] The ratio at which each of the first through fourth object signals OBJECT1 through OBJECT4 is distributed
between the L- and R-channel downmix signals L and R may be calculated as indicated by Equation (6):

[Equation 6]
‘Objectl: Enge,, :Engoy, =1:2
HObjeth: ,Eng(._-,b,:{_ :‘Eng(_)mkl;z;g.
Object3: Engg,,s, : Engoy;, =1:0

Objectd: Eng,,; ' Engyy,, =011

4z

[0157] Referring to Equation (5), the sum of part of the third object signal OBJECT3 distributed to the preprocessed
L-channel downmix signal L and part of the third object signal OBJECT3 distributed to the R-channel downmix signal R
is 110, and thus, it is determined that the level of the third object signal OBJECT3 has been increased by 10 . On the
other hand, the sum of part of the fourth object signal OBJECT4 distributed to the preprocessed L-channel downmix
signal L and part of the fourth object signal OBJECT4 distributed to the R-channel downmix signal R is 95, and thus, it
is determined that the level of the fourth object signal OBJECT4 has been reduced by 5. If the rendering matrix for the
first through fourth object signals OBJECT1 through OBJECT4 has a reference value of 100 and the amount by which
the sum of the coefficients in each of the rows of the rendering matrix is discrepant from the reference value of 100
represents the amount (unit: dB) by which the level of a corresponding object signal has been varied, it may be determined
that the level of the third object signal OBJECT3 has been increased by 10 dB, and that the level of the fourth object
signal OBJECT4 has been reduced by 5 dB.

[0158] Equations (5) and (6) may be rearranged into Equation (7):

[Equation 7]

Objectl: £ng,,, :Eng,,, =33.3:66.7 Engosm,  Fngom . —70:30

Object2: Eng,y,,, : £n8qy,, =40:60 ENg oy .t BNy, =30:70
Object3: Eng,, :Engg,, =100:0 Ing o, Engy,, =50:50
Objectd: Eng,,,., :Eng,,, =0:100 Engoy, Fhgey,  =50:50

[0159] Equation (7) compares the ratio at which each of the first through fourth object signals OBJECT1 through
OBJECT4 is distributed between L- and R-channel downmix signals before being preprocessed and the ratio at which
each of the first through fourth object signals OBJECT1 through OBJECT4 is distributed between the L- and R-channel
downmix signals after being preprocessed. Therefore, by using Equation (7), it is possible to easily determine how much
of each of the first through fourth object signals OBJECT 1 through OBJECT4 should be redistributed through preproc-
essing. For example, referring to Equation (7), the ratio at which the second object signal OBJECT2 is distributed between
the L- and R-channel downmix signals changes from 40:60 to 30:70, and thus, it may be determined that one fourth
(25%) of part of the second object signal OBJECT?2 previously distributed to the L-channel downmix signal needs to be
shifted to the R-channel downmix signal. This may become more apparent by referencing Equation (8):
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[Equation 8]
OBJECT1: 55% of part of OBJECT]1 previously distributed to R needs to be shifted
to L

OBJECT2: 25% of part of OBJECT1 previously distributed to L needs to be shifted
to R

OBJECT3: 50% of part of OBJECT1 previously distributed to L needs to be shifted
to R

OBIJECT4: 50% of part of OBJECT]1 previously distributed to R needs to be shifted
to L.

[0160] By using Equation (8), signalsL_L,L_R, R_L and R_R of FIG. 25 may be represented, as indicated by Equation
(9):

[Equation 9]

Eng, , = Engmy.lﬂ +0.75- EngObﬂL +0.5-Eng,, ,
EngL_ » =0.25- Engomlv +0.5- Eng s
Eng, ; =0.55-Eng,,, +0.5-Eng,,,
Eng,tn = 0.45‘Engowﬁ + ,Eng()bﬂR +0.5- Eng .,

[0161] The value of each object signal in Equation (9) may be represented as the ratio at which a corresponding object
signal is distributed between L and R channels by using dequantized CLD information provided by an OTT box, as
indicated by Equation (10):
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[Equation 10]

o (1
| T | T
M = e = g,
410" l+10 10 140"
oM | o
, R (L 10" I
gy, = %y Lngyo, = T gy
[+10° 1410 ] 410" 1410
1 1
Eﬂgatﬂz TR ; Eﬂgﬂbﬂ g
N +10®

[0162] CLD information used in each parsing block of FIG. 25 may be determined, as indicated by Equation (11):
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[Equation 11]

O 1 0 A0 20, 19
TR o

+

[0163] In this manner, CLD and ICC information used in a parsing block for generating the signals L_L and L_R based
on an L-channel downmix signal may be determined, and CLD and ICC information used in a parsing block for generating
the signals R_L and R_R signals based on an R-channel downmix signal may also be determined. Once the signals L_
L,L_R, R_L,and R_R are obtained, as illustrated in FIG. 25, the signals L_R and R_R may be added, thereby obtaining
a preprocessed stereo downmix signal. If a final channel is a stereo channel, L- and R-channel downmix signals obtained
by preprocessing may be output. In this case, a variation, if any, in the level of each object signal is yet to be adjusted.
For this, a predetermined module which performs the functions of an ADG module may be additionally provided. Infor-
mation for adjusting the level of each object signal may be calculated using the same method used to calculate ADG
information, and this will be described later in further detail. Alternatively, the level of each object signal may be adjusted
during a preprocessing operation. In this case, the adjustment of the level of each object signal may be performed using
the same method used to process ADG. Alternatively to the embodiment of FIG. 25, a decorrelation operation may be
performed by a decorrelator and a mixer, rather than by parsing modules PARSING 1 and PARSING 2, as illustrated
in FIG. 26, in order to adjust the correlation between signals L and R obtained by mixing. Referring to FIG. 26, Pre_L
and Pre_R indicate L- and R-channel signals obtained by level adjustment. One of the signals Pre_L and Pre_R may
be input to the decorrelator, and then subjected to a mixing operation performed by the mixer, thereby obtaining a
correlation-adjusted signal.

[0164] A preprocessed stereo downmix signal may be input to a multi-channel decoder. In order to provide multi-
channel output compatible with object position information and playback configuration information set by an end user,
not only a preprocessed downmix signal but also channel-based side information for performing multi-channel decoding
is necessary. It will hereinafter be described in detail how to obtain channel-based side information by taking the above-
mentioned example again. Preprocessed downmix signals L and R, which are input to a multi-channel decoder, may
be defined based on Equation (5), as indicated by Equation (12):
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[Equation 12]

Eng,.= E"gf._f, + EngR_L

=0.7Eng o, +0.3Eng,,,, +0.5Eng . + 0.5EnRg,,,
Eng, = Eng,‘__,(, + Eng, .

=0.3Eng,,, +0.7Eng,,;, + 0.5Eng,,,;; +0.5Eng,,,,

[0165] The ratio at which each of first through fourth object signals OBJECT1 through OBJECT4 is distributed among
FL, RL, C, FR and RR channels may be determined as indicated by Equation (13):

[Equation 13]

Eng,., :>0.3_Engwﬂ +0. .lEngObﬁ + 0.2Engw,ﬂ +0.21- 109{95 . Eng(,m
Eng, =0.3&ng,  +0.1Eng,, +0.2Eng,,,..+0.11-100/ 95 . Eﬁg%ﬁ,
Eng,. = (].I?.J_’Engm,},.1 + CI.EE.ningbj2 + O_ZEngObﬁ + O.3 1-100/95- ;E;‘r.eg,‘,)‘,b!.‘1
tng ., =0.1Eng,,, +0.3Eng,, , +0.2Eng,, . +0.21.100/95- Eng,,, ,
Ing,. =0. IEA"Jg(,‘,,}.I + O.3Eng0bj3 + O.2Eng0bf3 +0.11-100/95- 15'?;:5,1{.),,H

[0166] The preprocessed downmix signals L and R may be expanded to 5.1 channels through MPS, as illustrated in
FIG. 27. Referring to FIG. 27, parameters of a TTT box TTT0 and OTT boxes OTTA, OTTB and OTTC may need to be
calculated in units of parameter bands even though the parameter bands are not illustrated for convenience.

[0167] The TTT box TTTO may be used in two different modes: an energy-based mode and a prediction mode. When
used in the energy-based mode, the TTT box TTTO needs two pieces of CLD information. When used in the prediction
mode, the TTT box TTTO needs two pieces of CPC information and a piece of ICC information.

[0168] In order to calculate CLD information in the energy-based mode, the energy ratio of signals L", R" and C of
FIG. 27 may be calculated using Equations (6), (10), and (13). The energy level of the signal L" may be calculated as
indicated by Equation (14):
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[Equation 14] |
| h:gf. = gy + Eng{,.@ =0bEng, + (].ZErrgQ,:j3 +{Alng ., +0.32-100/95- g,

am o

0
Db g

(e Cid
1410 @ 1410

{tm .
m 10 ] . .
+02.2 g,

(]
J

[+10 " 1410 ™

+04- l(m

0

-fng,

YR ———

[+10° "

[0169] Equation (14) may also be used to calculate the energy level of R" or C. Thereafter, CLD information used in
the TTT box TTTO may be calculated based on the energy levels of signals L", R" and C, as indicated by Equation (15):

[Equation 15]

Eng,.+ Eng . )
Eng .

tng. . )

F18 e

TTT., 5 =10log,,(

TTT(‘LDz =10 Iogm(

[0170] Equation (14) may be established based on Equation (10). Even though Equation (10) only defines how to

26



10

15

20

25

30

45

50

55

EP 2 111 617 B1

calculate energy values for an L channel, energy values for an R channel can be calculated using Equation (10). In this
manner, CLD and ICC values of third and fourth OTT boxes can be calculated based on CLD and ICC values of first
and second OTT boxes. This, however, may not necessarily apply to all tree structures but only to certain tree structures
for decoding object signals. Information included in an object bitstream may be transmitted to each OTT box. Alternatively,
Information included in an object bitstream may be transmitted only to some OTT boxes, and information indicating OTT
boxes that have not received the information may be obtained through computation.

[0171] Parameters such as CLD and ICC information may be calculated for the OTT boxes OTTA, OTTB and OTTC
by using the above-mentioned method. Such multi-channel parameters may be input to a multi-channel decoder and
then subjected to multi-channel decoding, thereby obtaining a multi-channel signal that is appropriately rendered ac-
cording to object position information and playback configuration information desired by an end user.

[0172] The multi-channel parameters may include ADG parameter if the level of object signals have not yet been
adjusted by preprocessing. The calculation of an ADG parameter will hereinafter be described in detail by taking the
above-mentioned example again.

[0173] When arendering matrix is established so that the level of a third object signal can be increased by 10 dB, that
the level of a fourth object signal can be reduced by 5 dB, that the level of a third object signal component in L can be
increased by 10 dB, and that the level of a fourth object signal component in L can be reduced by 5 dB, a ratio RatioADG,
L of energy levels before and after the adjustment of the levels of the third and fourth object signals may be calculated
using Equation (16):

[Equation 16]

:
!

[0174] The ratio Ratio ppg May be determined by substituting Equation (10) into Equation (16). A ratio Ratio 4pg g
for an R channel may also be calculated using Equation (16). Each of the ratios Ratio,pg ; and Ratio,pg g represents
a variation in the energy of a corresponding parameter band due to the adjustment of the levels of object signals. Thus,
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ADG values ADG(L) and ADG(R) can be calculated using the ratios Ratio g ; and Ratiop g » as indicated by Equation
(17):

[Equation 17]

ADG(L) =10log,,(Ratio . )
ADG(RY=101og,, (Ratio

ADGR )

[0175] Once the ADG parameters ADG(L) and ADG(R) are determined, the ADG parameters ADG(L) and ADG(R)
are quantized by using an ADG quantization table, and the quantized ADG values are transmitted. If there is the need
to further precisely adjust the ADG values ADG(L) and ADG(R), the adjustment of the ADG values ADG(L) and ADG
(R) may be performed by a preprocessor, rather than by an MPS decoder.

[0176] The number and interval of parameter bands for representing object signals in an object bitstream may be
different from the number and interval of parameter bands used in a multi-channel decoder. In this case, the parameter
bands of the object bitstream may be linearly mapped to the parameter bands of the multi-channel decoder. More
specifically, if a certain parameter band of an object bitstream ranges over two parameter bands of a multi-channel
decoder, linear mapping may be performed so that the certain parameter band of the object bitstream can be divided
according to the ratio at which the corresponding parameter band is distributed between the two parameter bands of
the multi-channel decoder. On the other hand, if more than one parameter band of an object bitstream is included in a
certain parameter band of a multi-channel decoder, the values of parameters of the object bitstream may be averaged.
Alternatively, parameter band mapping may be performed using an existing parameter band mapping table of the multi-
channel standard.

[0177] When object coding is used for teleconferencing, the voices of various people correspond to object signals. An
object decoder outputs the voices respectively corresponding to the object signals to certain speakers. However, when
more than one person talks at the same time, it is difficult for an object decoder to appropriately distribute the voices of
the people to different speakers through decoding, and the rendering of the voices of the people may cause sound
distortions and deteriorate the quality of sound. In order to address this, information indicating whether more than one
person talks at the same time may be included in a bitstream. Then, if it is determined based on the information that
more than one person talks at the same time, a channel-based bitstream may be modified so that barely-decoded signals
almost like downmix signals can be output to each speaker.

[0178] For example, assume that there are three people a, b and ¢ and the voices of the three people a, b and c need
to be decoded and thus to be output to speakers A, B and C, respectively. When the three people a, b and c talk at the
same time, the voices of the three people a, b and ¢ may all be included in a downmix signal, which is obtained by
downmixing object signals respectively representing the voices of the three people a, b and c. In this case, information
regarding parts of the downmix signal respectively corresponding to the voices of the three people a, b and ¢ may be
configured as a multi-channel bitstream. Then, the downmix signal may be decoded using a typical object decoding
method so that the voices of the three people a, b and ¢ can be output to the speakers A, B and C, respectively. The
output of each of the speakers A, B and C, however, may be distorted and may thus have lower recognition rates than
the original downmix signal. In addition, the voices of the three people a, b and ¢ may not be properly isolated from one
another. In order to address this, information indicating that the simultaneous utterances of the three people a, b and ¢
talk may be included in a bitstream. Then, a transcoder may generate a multi-channel bitstream so that the downmix
signal obtained by downmixing the object signals respectively corresponding to the voices of the three people a, b and
¢ can be output to each of the speakers A, B and C as it is. In this manner, it is possible to prevent signal distortions.
[0179] In reality, when more than one person talks at the same time, it is hard to isolate the voice of each person.
Therefore, the quality of sound may be higher when a downmix signal is output as it is than when the downmix signal
is rendered so that the voices of different people can be isolated from one another and output to different speakers. For
this, a transcoder may generate a multi-channel bitstream so that a downmix signal obtained from the simultaneous
utterances of more than one person can be output to all speakers, or that the downmix signal can be amplified and then
output to the speakers.

[0180] Inordertoindicate whether a downmix signal of an object bitstream originates from the simultaneous utterances
of one or more persons, an object encoder may appropriately modify the object bitstream, instead of providing additional
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information, as described above. In this case, an object decoder may perform a typical decoding operation on the object
bitstream so that the downmix signal can be output to speakers as it is, or that the downmix signal can be amplified, but
not to the extent that signal distortions occur, and then output to the speakers.

[0181] 3D information such as an HTRF, which is provided to a multi-channel decoder, will hereinafter be described
in detail.

[0182] When an object decoder operates in a binaural mode, a multi-channel decoder in the object decoder also
operates in the binaural mode. An end user may transmit 3D information such as an HRTF that is optimized based on
the spatial positions of object signals to the multi-channel decoder.

[0183] More specifically, when there are two object signals, i.e., OBJECT 1 and OBJECTZ2, and the two object signals
OBJECT 1 and OBJECT?2 are disposed at positions 1 and 2, respectively, a rendering matrix generator or transcoder
may have 3D information indicating the positions of the object signals OBJECT 1 and OBJECT2. If the rendering matrix
generator has the 3D information indicating the positions of the object signals OBJECT 1 and OBJECT2, the rendering
matrix generator may transmit the 3D information indicating the positions of the object signals OBJECT 1 and OBJECT2
to the transcoder. On the other hand, if the transcoder has the 3D information indicating the positions of the object signals
OBJECT 1 and OBJECTZ2, the rendering matrix generator may only transmit index information corresponding to 3D
information to the transcoder.

[0184] In this case, a binaural signal may be generated based on the 3D information specifying positions 1 and 2, as
indicated by Equation (18):

[Equation 18]
L - Objl * HRTFLJ"OSI + Olyz * HR;FF}...PUSQ

R=Objl* HRTF, ,  +Obj2* HRTF, , ,

[0185] A multi-channel binaural decoder obtains binaural sound by performing decoding on the assumption thata 5.1-
channel speaker system will be used to reproduce sound, and the binaural sound may be represented by Equation (19):

[Equation 19]

L=FL*xHRTF, ., +C* HRTF, .+ FR* HRIF, ,,
+ R = HRTF;,:RL + RR* HRTF, p,

R=FL*¥ HRTE) 1y +C* HRTF} . + FR* HRTF,
+RL* HRTF, ,, + RR+* HRTF, 1,

[0186] An L-channel component of the object signal OBJECT1 may be represented by Eq uation (20):
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[Equation 20]

L, =Objl+ HRTF, ,,

,Y
L(?bfl = F Lt')hj] * HRTF, £ +Cm¥1 *HR TF!..,(_“ +F R(ny] * HRT Ffm

+RL ¥ HRTF, o + RR,, * HRTE, 4

[0187] An R-channel component of the object signal OBJECT1 and L- and R-channel components of the object signal
OBJECT2 may all be defined by using Equation (20).

[0188] For example, if the ratios of the energy levels of the object signals OBJECT1 and OBJECT2 to a total energy
level are a and b, respectively, the ratio of part of the object signal OBJECT1 distributed to an FL channel to the entire
object signal OBJECT1 is ¢ and the ratio of part of the object signal OBJECT2 distributed to the FL channel to the entire
object signal OBJECT2 is d, the ratio at which the object signals OBJECT1 and OBJECT?2 are distributed to the FL
channel is ac:bd. In this case, an HRTF of the FL channel may be determined, as indicated by Equation (21):

[Equation 21]

ac bd
HRTE,, , =— HRTF, , ,+———— HRTF, , .
?T’.-J, ac+ bd 1. Posl ac +bd I . Pos2
. , bd _
HRTF, R = 'HRTFHym + -H R?Eu)mz

ac+bd ac+bd

[0189] Inthis manner, 3D information for use in a multi-channel binaural decoder can be obtained. Since 3D information
for use in a multi-channel binaural decoder better represents the actual positions of object signals, it is possible to more
vividly reproduce binaural signals through binaural decoding using 3D information for use in a multi-channel binaural
decoder than when performing multi-channel decoding using 3D information corresponding to five speaker positions.
[0190] As described above, 3D information for use in a multi-channel binaural decoder may be calculated based on
3D information representing the spatial positions of object signals and energy ratio information. Alternatively, 3D infor-
mation for use in a multi-channel binaural decoder may be generated by appropriately performing decorrelation when
adding up 3D information representing the spatial positions of object signals based on ICC information of the object signals.
[0191] Effect processing may be performed as part of preprocessing. Alternatively, the result of effect processing may
simply be added to the output of a multi-channel decoder. In the former case, in order to perform effect processing on
an object signal, the extraction of the object signal may need to be performed in addition to the division of an L-channel
signal into L_L and L_R and the division of an R-channel signal into R_R and R_L.

[0192] More specifically, an object signal may be extracted from L- and R-channel signals first. Then, the L-channel
signal may be divided into L_L and L_R, and the R-channel signal may be divided into R_R and R_L. Effect processing
may be performed on the object signal. Then, the effect-processed object signal may be divided into L- and R-channel
components according to a rendering matrix. Thereafter, the L-channel component of the effect-processed object signal
may be added to L_L and R_L, and the R-channel component of the effect-processed object signal may be added to
R_Rand L_R.

[0193] Alternatively, preprocessed L- and R-channel signals L and R may be generated first. Thereafter, an object
signal may be extracted from the preprocessed L- and R-channel signals L and R . Thereafter, effect processing may
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be performed on the object signal, and the result of effect processing may be added back to the preprocessed Land R-
channel signals.

[0194] The spectrum of an object signal may be modified through effect processing. For example, the level of a high-
pitch portion or a low-pitch portion of an object signal may be selectively increased. For this, only a spectrum portion
corresponding to the high-pitch portion or the low-pitch portion of the object signal may be modified. In this case, object-
related information included in an object bitstream may need to be modified accordingly. For example, if the level of a
low-pitch portion of a certain object signal is increased, the energy of the low-pitch portion of the certain object signal
may also be increased. Thus, energy information included in an object bitstream does not properly represent the energy
of the certain object signal any longer. In order to address this, the energy information included in the object bitstream
may be directly modified according to a variation in the energy of the certain object signal. Alternatively, spectrum
variation information provided by a transcoder may be applied to the formation of a multi-channel bitstream so that the
variation in the energy of the certain object signal can be reflected into the multi-channel bitstream.

[0195] FIGS. 28 through 33 illustrate diagrams for explaining the incorporation of a plurality of pieces of object-based
side information and a plurality of downmix signal into a piece of side information and a downmix signal. In the case of
teleconferencing, it is necessary sometimes to combine a plurality of pieces of object-based side information and a
plurality of downmix signal into side information and a downmix signal. In this case, a number of factors need to be
considered.

[0196] FIG. 28illustrates a diagram of an object-encoded bitstream. Referring to FIG. 28, the object-encoded bitstream
includes a downmix signal and side information. The downmix signal is synchronized with the side information. Therefore,
the object-encoded bitstream may be readily decoded without consideration of additional factors. However, in the case
of incorporating a plurality of bitstreams into a single bitstream, it is necessary to make sure that a downmix signal of
the single bitstream is synchronized with side information of the single bitstream.

[0197] FIG. 29 illustrates a diagram for explaining the incorporation of a plurality of object-encoded bitstreams BS1
and BS2. Referring to FIG. 29, reference numerals 1, 2, and 3 indicate frame numbers. In order to incorporate a plurality
of downmix signals into a single downmix signal, the downmix signals may be converted into pulse code modulation
(PCM) signals, the PCM signals may be downmixed on a time domain, and the downmixed PCM signal may be converted
to a compression codec format. During these processes, a delay d may be generated, as illustrated in FIG. 29(b).
Therefore, when a bitstream to be decoded is obtained by incorporating a plurality of bitstreams, it is necessary to make
sure that a downmix signal of a bitstream to be decoded is properly synchronized with side information of the bitstream
to be decoded.

[0198] If a delay between a downmix signal and side information of a bitstream is given, the bitstream may be com-
pensated for by a predetermined amount corresponding to the delay. A delay between a downmix signal and side
information of a bitstream may vary according to the type of compression codec used for generating the downmix signal.
Therefore, a bit indicating a delay, if any, between a downmix signal and side information of a bitstream may be included
in the side information.

[0199] FIG. 30 illustrates the incorporation of two bitstreams BS1 and BS2 into a single bitstream when the downmix
signals of the bitstreams BS1 and BS2 are generated by different types of codecs or the configuration of side information
of the bitstream BS 1 is different from the configuration of side information of the bitstream BS2. Referring to FIG. 30,
when the downmix signals of the bitstreams BS1 and BS2 are generated by different types of codecs or the configuration
of side infomation of the bitstream BS 1 is different from the configuration of side information of the bitstream BS2, it
may be determined that the bitstreams BS 1 and BS2 have different signal delays d1 and d2 resulting from the conversion
of downmix signals into time-domain signals and the conversion of the time-domain signals with the use of a single
compression codec. In this case, if the bitstreams BS 1 and BS2 are simply added up without consideration of the
different signal delays, the downmix signal of the bitstream BS1 may be misaligned with the downmix signal of the
bitstream BS2 and the side information of the bitstream BS 1 may be misaligned with the side information of the bitstream
BS2. In order to address this, the downmix signal of the bitstream BS1, which is delayed by d1, may be further delayed
so as to be synchronized with the downmix signal of the bitstream BS2, which is delayed by d2. Then, the bitstreams
BS1 and BS2 may be combined using the same method of the embodiment of FIG. 30. If there is more than one bitstream
to be incorporated, whichever of the bitstreams has a greatest delay may be used as a reference bitstream, and then,
the other bitstreams may be further delayed so to be synchronized with the reference bitstream. A bit indicating a delay
between a downmix signal and side information may be included in an object bitstream.

[0200] Bitindicating whether there is a signal delay in a bitstream may be provided. Only if the bit information indicates
that there is a signal delay in a bitstream, information specifying the signal delay may be additionally provided. In this
manner, it is possible to minimize the amount of information required for indicating a signal delay, if any, in a bitstream.
[0201] FIG. 32 llustrates a diagram for explaining how to compensate for one of two bitstreams BS1 and BS2 having
different signal delays by the difference between the different signal delays, and particularly, how to compensate for the
bitstream BS2, which has a longer signal delay than the bitstream BS1. Referring to FIG. 32, first through third frames
of side information of the bitstream BS1 may all be used as they are. On the other hand, first through third frames of
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side information of the bitstream BS2 may not be used as they are because the first through third frames of the side
information of the bitstream BS2 are notrespectively synchronized with the first through third frames of the side infoimation
of the bitstream BS 1. For example, the second frame of the side information of the bitstream BS 1 corresponds not only
to part of the first frame of the side information of the bitstream BS2 but also to part of the second frame of the side
information of the bitstream BS2. The proportion of part of the second frame of the side information of the bitstream BS2
corresponding to the second frame of the side information of the bitstream BS1 to the whole second frame of the side
information of the bitstream BS2 and the proportion of part of the first frame of the side information of the bitstream BS2
corresponding to the second frame of the side information of the bitstream BS1 to the whole first frame of the side
information of the bitstream BS2 may be calculated, and the first and second frames of the side information of the
bitstream BS2 may be averaged or interpolated based on the results of the calculation. In this manner, the first through
third frames of the side information of the bitstream BS2 can be respectively synchronized with the first through third
frames of the side information of the bitstream BS1, as illustrated in FIG. 32(b). Then, the side information of the bitstream
BS1 and the side information of the bitstream BS2 may be incorporated using the method of the embodiment of FIG.
29. Downmix signals of the bitstreams BS 1 and BS2 may be incorporated into a single downmix signal without a
requirement of delay compensation. In this case, delay information corresponding to the signal delay d1 may be stored
in an incorporated bitstream obtained by incorporating the bitstreams BS1 and BS2.

[0202] FIG. 33 illustrates a diagram for explaining how to compensate for whichever of two bitstreams having different
signal delays has a shorter signal delay. Referring to FIG. 33, first through third frames of side information of the bitstream
BS2 may all be used as they are. On the other hand, first through third frames of side information of the bitstream BS
1 may not be used as they are because the first through third frames of the side information of the bitstream BS 1 are
not respectively synchronized with the first through third frames of the side information of the bitstream BS2. For example,
the first frame of the side information of the bitstream BS2 corresponds not only to part of the first frame of the side
information of the bitstream BS1 but also to part of the second frame of the side information of the bitstream BS1. The
proportion of part of the first frame of the side information of the bitstream BS 1 corresponding to the first frame of the
side information of the bitstream BS2 to the whole first frame of the side information of the bitstream BS1 and the
proportion of part of the second frame of the side information of the bitstream BS1 corresponding to the first frame of
the side information of the bitstream BS2 to the whole second frame of the side information of the bitstream BS 1 may
be calculated, and the first and second frames of the side infonnation of the bitstream BS1 may be averaged or interpolated
based on the results of the calculation. In this manner, the first through third frames of the side information of the bitstream
BS 1 can be respectively synchronized with the first through third frames of the side information of the bitstream BS2,
as illustrated in FIG. 33(b). Then, the side information of the bitstream BS1 and the side information of the bitstream
BS2 may be incorporated using the method of the embodiment of FIG. 29. Downmix signals of the bitstreams BS1 and
BS2 may be incorporated into a single downmix signal without a requirement of delay compensation, even if the downmix
signals have different signal delays. In this case, delay information corresponding to the signal delay d2 may be stored
in an incorporated bitstream obtained by incorporating the bitstreams BS 1 and BS2.

[0203] If a plurality of object-encoded bitstreams are incorporated into a single bitstream, the downmix signals of the
object-encoded bitstreams may need to be incorporated into a single downmix signal. In order to incorporate a plurality
of downmix signals corresponding to different compression codecs into a single downmix signals, the downmix signals
may be converted into PCM signals or frequency-domain signals, and the PCM signals or the frequency-domain signals
may be added up inacorresponding domain. Thereafter, the result of the addition may be converted using a predetermined
compression codec. Various signal delays may occur according to whether to the downmix signals are added up during
a PCM operation or added up in a frequency domain and according to the type of compression codec. Since a decoder
cannot readily recognize the various signal delays from a bitstream to be decoded, delay information specifying the
various signal delays may need to be included in the bitstream. Such delay information may represent the number of
delay samples in a PCM signal or the number of delay samples in a frequency domain.

[0204] The present invention can be realized as computer-readable code written on a computer-readable recording
medium. The computer-readable recording medium may be any type of recording device in which data is stored in a
computer-readable manner. Examples of the computer-readable recording medium include a ROM, a RAM, a CD-ROM,
a magnetic tape, a floppy disc, an optical data storage, and a carrier wave (e.g., data transmission through the Internet).
The computer-readable recording medium can be distributed over a plurality of computer systems connected to a network
so that computer-readable code is written thereto and executed therefrom in a decentralized manner. Functional pro-
grams, code, and code segments needed for realizing the present invention can be easily construed by one of ordinary
skill in the art.

[0205] As described above, according to the present invention, sound images are localized for each object signal by
benefiting from the advantages of object-based audio encoding and decoding methods. Thus, it is possible to offer more
realistic sounds during the playback object signals. In addition, the present invention may be applied to interactive games,
and may thus provide a user with a more realistic virtual reality experience.

[0206] While the present invention has been particularly shown and described with reference to exemplary embodi-
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ments thereof, it will be understood by those of ordinary skill in the art that various changes in form and details may be
made therein without departing from the scope of the present invention as defined by the following claims.

Claims

1. An audio decoding method configured to be applied to object-based audio processing operations, the method
comprising:

receiving a stereo downmix signal and object-based side information, the stereo downmix signal having a left
channel (L) and a right channel (R) being generated by downmixing a plurality of object signals (OBJECT 1 to
OBJECT 4);

and pre-processing the received stereo downmix signal, comprising:

- obtaining , by using dequantized Channel Level Difference, CLD, information, a first ratio at which each
of the plurality of object signals is distributed between the right channel and the left channel before being
preprocessed;

- obtaining , by using a rendering matrix mapping object signals into output channels, a second ratio at
which each of the plurality of object signals is distributed between the right channel and the left channel
after being preprocessed;

- determining, by comparing the first and second ratios, for each object signal, a first part (L_L) previously
distributed to the left channel to remain on the left channel, a second part (R_R) previously distributed to
the right channel to remain on the right channel, a third part (R_L) previously distributed to the right channel
to be shifted to the left channel, and a fourth part (L_R) previously distributed to the left channel to be shifted
to the right channel; and

- outputting, to a multi-channel decoder, a stereo downmix output signal on a left output channel (L") and
aright output channel (R’) by adding the first part and the third part to be output on the left output channel
and by adding the second part and the fourth part to be output on the right output channel.

2. An apparatus configured to perform a method according to claim 1.

Patentanspriiche

1. Audio-Decodierungsverfahren, das konfiguriert ist, um bei objektbasierten Audio-Verarbeitungsvorgdngen ange-
wendet zu werden, wobei das Verfahren umfasst:

Empfangen eines Stereo-Downmixsignals und von objektbasierten Seiteninformationen, wobei das Stereo-
Downmixsignal einen linken Kanal (L) und einen rechten Kanal (R) aufweist, die durch Herabmischen einer
Vielzahl von Objektsignalen (OBJECT 1 bis OBJECT 4) erzeugt werden; und

Vorverarbeiten des empfangenen Stereo-Downmixsignals, umfassend:

- Erlangen, unter Verwendung von dequantisierten Kanalpegeldifferenz-, CLD, -Informationen, eines ersten
Verhéltnisses, bei dem jedes der Vielzahl von Objektsignalen zwischen dem rechten Kanal und dem linken
Kanal verteilt wird, bevor sie vorverarbeitet werden;

- Erlangen, unter Verwendung einer Rendering-Matrix, die Objektsignale in Ausgabekanale abbildet, eines
zweiten Verhaltnisses, bei dem jedes der Vielzahl von Objektsignalen zwischen dem rechten Kanal und
dem linken Kanal verteilt wird, nachdem sie vorverarbeitet sind;

- Bestimmen, durch Vergleichen des ersten und zweiten Verhaltnisses, fiir jedes Objektsignal, eines ersten
Teils (L_L), der zuvor auf den linken Kanal verteilt ist, um auf dem linken Kanal zu verbleiben, eines zweiten
Teils (R_R), der zuvor auf den rechten Kanal verteilt wurde, um auf den rechten Kanal zu verbleiben, eines
dritten Teils (R_L), der zuvor auf den rechten Kanal verteilt wurde, um auf den linken Kanal verschoben zu
werden, und eines vierten Teils (L_R), der zuvor auf den linken Kanal verteilt wurde, um auf den rechten
Kanal verschoben zu werden; und

- Ausgeben, zu einem Mehrkanaldecodierer, eines Stereo-Downmix-Ausgabesignals auf einem linken Aus-
gabekanal (L) und einem rechten Ausgabekanal (R’) durch Addieren des ersten Teils und des dritten Teils,
um auf dem linken Ausgabekanal ausgegeben zu werden, und durch Addieren des zweiten Teils und des
vierten Teils, um auf dem rechten Ausgabekanal ausgegeben zu werden.
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2. Vorrichtung, die konfiguriert ist, um ein Verfahren gemaR Anspruch 1 durchzufiihren.

Revendications

1. Procédé de décodage audio configuré pour étre appliqué a des opérations de traitement audio a base d’objets, le
procédé comprenant :

la réception d’un signal stéréo sous-mixé et d’'une information auxiliaire a base d’objets, le signal stéréo sous-
mixé ayant un canal gauche (L) et un canal droit (R) étant générés par sous-mixage d’une pluralité de signaux
d’objets (OBJET 1 a OBJET 4) ; et

le prétraitement du signal stéréo sous-mixé regu, comprenant :

-I'obtention, en utilisant une information déquantifiée de Différence de Niveau de Canaux, CLD, d’'un premier
rapport auquel chacun parmi la pluralité de signaux d’objets est réparti entre le canal droit et le canal gauche
avant d’étre prétraité ;

- 'obtention, en utilisant une matrice de rendu mappant des signaux d’objets sur des canaux de sortie, d’'un
deuxiéme rapport auquel chacun parmi la pluralité de signaux d’objets est réparti entre le canal droit et le
canal gauche aprés avoir été prétraite ;

- la détermination, en comparant les premier et deuxiéme rapports, pour chaque signal d’objet, d’'une
premiére partie (L_L) précédemment répartie sur le canal gauche destinée a rester sur le canal gauche,
d’'une deuxiéme partie (R_R) précédemment répartie sur le canal droit destinée a rester sur le canal droit,
d’'une troisieme partie (R_L) précédemmentrépartie sur le canal droit destinée a étre transférée sur le canal
gauche, et d’'une quatrieme partie (L_R) précédemment répartie sur le canal gauche destinée a étre trans-
férée sur le canal droit ; et

- la délivrance en sortie, jusqu’a un décodeur multicanal, d’'un signal de sortie stéréo sous-mixé sur un
canal de sortie gauche (L’) et un canal de sortie droit (R’) en additionnant la premiére partie et la troisieme
partie destinées a étre délivrées en sortie sur le canal de sortie gauche et en additionnant la deuxiéme
partie et la quatrieme partie destinées a étre délivrées en sortie sur le canal de sortie droit.

2. Appareil configuré pour mettre en oeuvre un procédé selon la revendication 1.
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[Fig. 29]
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[Fig. 31]
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[Fig. 32]
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[Fig. 33]
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